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1 A FACTORIAL STUDY OF THERELATIQNSHIRS BETWEEN Y

. TEACHER-HEED OBJECTIVES ANDU STUDENT RERFORMANCE IN ,  *.

J - ‘UICSM HIGH SCHOOL MATHEMATICS -+ -
. _Hiroshjgketa, Ph D, ¢ * o
o . bepartment of Edu.cat;on = ‘ C ..
? . - . . N *
. .. ‘ University of Illinois, 1965 I~ R A
~ o ABSTRACT ’ T :
g Y ) \z ’ t B 7

This stydy was designed to investigate sonwe }JUSS}blC relationships between
teacher-held objectives und student performdnce that appea/red in the samples
: ! ) !

of test items gf, the new UICSM hwh schouol mathematics. Two test booklets
. - -

were\magie on the basis of the fsrst five chapters of High School Mathematics,

Course 1 by M. Bebermanand H E. Va‘ughan. They were give'ndto,t.he same
Pekin High School students in Illinocis before and after the, contents of the test

-~

had been taught. For each iter’n, ‘most of which consisted of four sub'-items,

Sscores were obtained for each student hoth' for pre-tesf and post-test adm.inistra-
tions, and'the gamns betwecen the two were C(m‘.f[dted. The sampfé consisted of’

) P Pg . . N e
154 9th-grade students. The samu test booklets were sent to teachers who were,
. % . . .
currently using th¢ text, and they were asked to evafuate the ‘'suitability of.each

item for use in achicvement tests for their studénts. Their reactions were
assurhed to be ah indirect indication ‘of their objectivds in*teaching the UICSM
= text.” The sample ¢¢nsisted of 405 teachers from 70 different s¢hools in '19

R
s
w

state§. . . 3 - N . \ A . \ N »
. ... v .. . i . 4 "
- Intercorrelations among the 54 items of the two tests were computed for

]

veaoh case of-student pre-tests, post-tests, gains, aﬁq,teacher r‘atings.' Each .

.
-

‘.intercofrelatlon matrix was factor analyzed byA the principal component method ¢

“and threezﬁtwo - two, “and five fattors, respectively, wene extracted from these
»
= ’ . ~ f .
cases For the case of stud’ent pre tests, the f],rst prmc1p\1 factor indicated a
»

.
e v

general aptitude for leat n(mg mathcmatlcs The second. pr1hc1pa1 factor was, in



S . ’ - s * .. - . ~ .
.part, related to position of the itéms inghe tests, and the third was. left unidenti-

.
.

fied. ’ . : . . * T, )
7 s . .
o Ny - s . / ' i
For the case of student post-tests, ‘the first principdl factor indicated a
general achievement in the contents of the given chapters. The s\e,cond'principal '
{ . . s . .

s

. IS i N .. . R .
factor was consideredras a deducuve-mdh’lctwe. factor. For sfudént gam's, .

no interesting inte retat;ibn of the factors was warrantgd. -
’ ¢4 r ] ) . . » .' )
For teacher ratings,,the first principal facﬁor was related to the general

» Q‘V . . * L:‘ ] *
tendency of each teacher’s ratings i.c., the teacher’s general response set. j
~ : - - . 4 R . : ) .

\ ¢ 3 . .
Item’s asking for understanding of the basic mathematical concepts tended to

*

l?ve high,coeffi'c:i‘e;n,ts~ on this factor. The second primcipal factot was related, °

.- . . - + o
in“part, to a preference for (onventional vs. new ‘mathematigs items., The A
. - vt p I N . . %
" third factor was related to obj ectives somewhat irrelevant to the text. The

» L] - -

fourth facfor was related to the objectivg of algebraic i‘na;lipulation, and the

fifth was left unidentified. .
! P & _ A ’ ~

By a canbnical t{ipe of analysis, thefactors from teacher ’ratings were
. g AN

Qétqheg with those-from student performance for each of the three cdses so that
‘ .l . . .

) A .n - - I ) . ‘ .
the similarity between 'the two sets of factor coefficients was maximum. In’/\_/‘
o . . N

- -

this analysis, pairs,of highly congruent factors were obtained both for the

. - . »
pre-test and for the post-test cases. In the-case of student gains, however, no /
. . ; . * 4 '
fattor was significantly congruent with teacher ratings. Howeyer, mean gain

g Y g g

scores showed a positive relationship with mean. teachér ratings'excepbfor a
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"Workers in curritulum evaluation have become increasingly aware of the
B [ o, 1

- -

A ’ L
- . 1 . . .
fact that some of the bgst cfforts at curriculum reform,produce superior learning . |
* € M ; ~- o - e : ', * ’

only in the hands of a r¢ldtively small group of téachers, Conseqdently, it would

-~ . . . ’ -~
{ - . . - . . R -

_be of little use tofearn that cyrriculum X preduced sygmificantly better l€arm’,ng

Q. .

: . . - N .
'/" in 50,000 randomly sclected students than ¢urriculum Z, did in 50,000 com-, = -
- parable students underx the tutclagc of & 000 rcmdomlv as51gned teachers — evén .
- 2 .
if such classically 1deal mformation were avatlable, : . . -

. ‘ 1 . ' ‘\
School System A should want the bést curriculum for its own teachers,

1L ~
* v -

who may not be .at all representative of the 2,000, or it may plan to hire (or

1

. » ”r
trae,n) teachers who can teach much mo‘re ‘to 1ts students than the average learned”

N N

by tHe 100; OOO.I Currlculum Z could eas:ly be the best for System A, especially
ifl it ’shcceeds'in upgnadlng'its'staﬂ. Furthermore, hu.ndreds'of school systems
around :the cour}trv may satisfy our descr1ptjorl of gystem A,
' Curricdlum evaludffop for ambitious school%, ‘'then, needs to be carrled out ’
. . . . . s . o ’ .
+ relative to sonie char-ac.tcrls‘tms of teachers related to the c::oi?ntent of the programs

Al N 1]

«

.
s

being.evaluated. Manv studies of general, teacher var1ables have been carried T

{
out, and in a few cases, such var1ables have been shown relevant to pi il accom-,
PR -

) o
Jplishment m the new ‘curricula. ® Howe,ver most measures of claSsroom be -,
2l ’

+ M s

'hav1or, Bersonahtvy, ,a.nd training of teachers seem, a priori, to have httle reld- .

vance for use in evvaluaft1on of new curricula, This does not deny the value of - )

DIy

further sttldies wmh'general teacher variables but it does Suggest that some’
. ow
. approaches to Content orxented teachgg varlables sl’xould be developed

ey

.

. £
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" Alpert R,, et al Ps cholo 1 lfac'tors in ;mathematics educ!ion, SMSG. =%
. ychologica SMSG .t

ewsletter, “April, 1963, '\Io 15, 17-24.- . : . R n
S‘pauld1ng, Rohert L., Ach1evement‘ Creatlvxty, and Self- Concept Correlates
. of Teacher- -Pupil ‘Transact1ons 1n‘§lemeﬁtary Schools, Coop.. R‘es. Proj.
! No. 135?%, University of Illinois, 1963, . : ' . g
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FOREWORD (Continued) " -

~

£

- The UiCSM Mathemati-cs Project has b_een\ for%ate in having been ible to f

1nteres\5r Ikeda in th;s gen@ra) Qroblem . The report wh1ch follows represents

a prehrnmary ex.ploranon of teacher held objectives ‘for UICSM first year algebra

.

.

.

classes and some relations between these objectives and student achievement,

This report wh1ch was submltted as Dr. Ikeda ] d1sserta’ion is ggore detailed ,“

‘e o

f

.

and mor‘e technical' than most previous UICSM Research Reports.

'I
-,

-

HOWever,

‘o

we

-

have decxhed Yo issue his thesis, in its ent1rety, .as‘a number in this series be - -

L4

.

<

cause of the pbtentlal value ‘we ¢€e in Ikeda s tec\hnlques for other researchers

~ .

interested in teacher-relative curriculum evaluation.

<
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; INTROBUCTION  * . ~ -
s N '. ~“.|¢ ) . . . [

- . ke

" T

This study was des1gned‘ to 1nvest1gate some possible relat1onéh1ps between

\ 4, - P . : Y
teacher held ob_]ectwes and studant achievement that appeared 1n responses to
r) . 2 ¥ - s ‘
. < ™. N » -
L sample tests of the new UIQSM high school mathematics. .. -+ ° -

~ .. Moré than thirteen years have passed since, the University of'Illinois Co,fn-
" mittee ,on School Mathematics (UICSM) started to develop new h1gh school mathe-

. ¢ ¢ ' ¢ i o=

matlcs currlcula. The unrque 1deas developed by UICSM on teach1ng modern

. “mathematics at the high school level have been widely recogmzed, and a gl;ea,t\
? - « P

number of schools are now offering courses"based on this carriculum. Y
A J

< :\‘

t . F A .

-
.

To teach mathematics in the way expe(:ted by UICSM’authors, however, is not

} - A
v &, ‘

easy for teachers who we¥e trained in_ trad1tlona1 or conventional ways, and some-

y - . @

times the ideas inv'olved itk the new currigulum arouse confusjons and contrb- L

L] h g -

versies arriong high schobl teachers. /Although the UICSM provides a t:'z'aining p'ro-. —

, gram for h1gh school teachers, the purpose of this program is not always per-

- e

-

fectly atta1ned It is reported by class room observers that h1gh school teaehers

- ) o,
} , trained in UICSM institute’s t%ach mathematics in different ways, and not all of
v . v - ) » . . s . ﬁ )
. L ‘ . Twda
themn teach the new curriculum as it should be taught. The high school teachers

'

.

——  -have their own interpretations_of and objéctives for the new materials, which are )
r o * '\ - -

B - N / " EN

not necessarily conformable to what the UICSM really-intends. The importance

-~ »

of studying'what kinds of object{v,es'the high school teachers actually have,vhﬁs .
been often poi.ntéd out 51me the success of teaching the new mathematlcs greatly

4

depends on vghat the teachers t,h1nk of it and how they react to it. The study \yé;’?
: - g
stu‘nulated\by th1s"k1nd of demandt G " . ‘. gfi

*

-*. that the qbjectives arf a1v~ays exp11c1t'1y expresse“d or consc1ous1y recyd
> b

,fﬁ .

every teacher. Some of the obJectlves might he clear and could b eﬁned by ex~

' . L}

’ -

/ N - _'. - -

'.‘\ < .~,‘ - ' -1-\).. ' i %}/ 5
. N F P 4 -

] “ . B -[;{!
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n S~y B ~-‘ ) ' . " .. . )
plicit words. Some of thgobjectives, howgyer, might be unclear and vague and*

LN
L]
IZ,‘ e Y . . ' A
1 -7 - ! N », . .

* == ' I . t‘ ) ' > 6. . . f
“feachers might be unable to express them i ormal statement, ",Such objectives

R | ’ . - *
T mlght only be expresSed 1mp11C1tly, and e»é;/:x teachers themselves m1ght not be ’

~ conscmus o the ob_]ec.twes they hol"d Th1s 1mphes that d1rect quest1ons do not
2 N M = v s . R . .? .
always uncover such hidden ob_]ectwes Furthermore, researchers themselves

>
'

do’ not, know preC1Sely what kmds of questlons should be asked of the teachers.

LI

In this study teacher held obJect1ves age exanlined in 1nd1rect wa<s. Prior bo ' Y

the analysis, we did net assume any def1n1te categorles or structure of objectives
\ L4

. such as Bloom (] 956) and Guilford (1956) hive. Suggested n'o.rﬁs\any i‘at1onale
*

-

for the use "of ob_]e/etues such as Mager 5(.1;9%2) has proposed. The obJectlves

we were 1nterested in were thos\e)t’hat,arrse specifically from the Ynteractrons of
. \ o -4,

- k)
the<ne}v UICSM text and the teachers: WhQO use it,.
. . . < ~ »

+ ’ ) } -

[ 4 $ .
. ... 1. Teacher Judgments of Achievement Test Items

. “One approach taken in this study, is to examine the teachers' judgments of *

- . s . \ v
- ot

small groups of t\est items, many of which are purborted to test the abilities

T

students attained in a néw mathematics course. Some of the test items are less
# : >

»

related tb these abilities. Testitéms.were.presecated for-evaluation to high
* / - . . Ve . - ) : ¥
+school teachers who werd using the latest edition of the UICSM first course

- . s

text. Most of the items were presented i grodp's of four which dealt with the

. - Y
- . .

i . y y ’ ’ ) .-
»same topic and had the same form. , A.few items were presented individually.

®

‘Thé teachers were aéked to’_]udg'e the suitability of each group -qf'test,items for

e ¢ . > : X . Sl

“use in achievement fests in théir own classes. In the rest'of this report these
* ' - t

. “groups of test items (usually consisting of four but !ometir‘nes single test items)‘_’/\"
.’ - - ¢ ” - B

- s AR :\ ./ " . .
are referred to as the '‘items’’ of the instruments used.. They are in fact items
" : . [N ¥ . '

3
» . e .

on the teachers'’ questionna’.ir’e and are the smallest.units, of analysjs for the stu-
I . ., .

- . .
3 r -
. s .

dent achievement tests, s'ince.responSes to sub-items were not ahalyzed.

- ¢
. . ’ 3

» 3 . .
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. [

Teachers' judgmengs of such items are assu.m.ed'to be ’conseq‘uenc‘e' of their Q\b— '

- jectives for the.new mathematics course. k.

. An aim.of_the achievement tests is to measure the abilities that students. have

. - N ¢
R
. ' . .

. acqh_ired during ‘the study of given part of the material. School teichers would

¥ teach the subject maferials in their own way, as they believe best. Afler some

- . < ~ - . .
» N gy A . , R

teaching of,f..c material, the teachers would, be likely to know how much their stu-

dents have progressed by their teaching. In the construction of achievement tests
. ¥ . . . ‘.

Y

to measure the students’ progress, we assume they would be likely to prepare';

test items that are closely related to what was stres'sed during their teaching.

It is believed that, when sets of ready~made test items are presented to the ¥ -V
Loy . : i N
teachers, they tend to express agreement or disagreement W1th them accordlng
: . -
to their own values in teach1ng the subject. It would be r_}ggsonalbe, then, to as-

" .,‘..;
sume that the teaChers’ reactlons to the items are an 1nd1cat10n of the1r obJectn es

-~ . - -—
- N ~ . 2

for teaching the‘subject. ] ) . { .
‘We aa not a/sking here for every detail of the abjectives hel.diby individual

~

teachers. To study the case-by-case objectives in every detail is so complex

that it is beyond the scope of the present study. In a rough sense, however, ob-"

/ jegtives helc% comnonly by all of the teachers, or‘at least, by some group of the
teachers could be i‘dentlﬁed. What we are interested in are such common ob~ "

’ ) ' ’ ¢ o , e T
~ jectives that appear among all, or some, groups of the teachers when they eyal- .~
. . \ . l . - . . » g, r
uate samples of achievement test items. We dre interested in what kinds of ob-
. 2 .. v , , ." - . . , i ,/ L, e ‘ ’5‘,
, Jectives and how many éfierent obj tives, at the minimum, would be necessary =
n ' . X s - e T

to account for a se,t “of teachers reactlons

-

N
: [

. Th1s hotlon suggestsfthe apphcatupn of the factor énaly\sa.s model developed

in.the field of psychometrlcs The\model of factor analysis is useful-es ’ecmlly

P

when the aim of research has a somewhat ,exploratory nature.
A ¢

7 -

applied to educational.and psychological re searches "It has been used to inves-

e L

i»/‘-
TS
« L * 14
- Sy 2
. . \ g
;e . =
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i

tigate basic mental abilities, personality traitd, ‘social attitudes, and other hurfan

attributes underlying s¢ts of educqtfonal ard psylholegical measures. Detailed

Some of these studies, however, ,should at least be mentioned., These include,
e . .. [ . - ’

for example; Thurstone (1938), Thurstone and 'l“hurst&ne (19.41,), French (1951),

9
L3 '

and Gu1lford (1956) in the area of mental abilities; Eysenck (1953), Guilford and .

»

“Z1mmerm/a,n (1956) and Cattell (1957) in the area 14 ;_)ersonalityes_tudies; '

Ly

»Borgat't_a, Cottrell and Meyer.(1956) and Schuessler;i,nd/Dr'ive’r (195% in the

" AN 4

L °

areg of social psychology ' S

V/
In a study closely related to our present one, L R. Tucker 1962) analysed

»

the r'el“é,vance judgment',on‘the test itgms of “Developed Abilities of the-»Social

- -

; I AR} . . “ : - N . ’
Studies, '’ which'were to be given to college applicants, 225 test questlons were

o

rated by \sevent'e,en éxperts, and two different kinds of \1\ew pomts were found by

4

"the factor analy sis of zntercofrelanons among the’ raters ~ The rate»rs' wyere .
,,grouped 1nto two dlfferep/t kmds Group A was a group that emphasized problerm
soInng@,bxhty for both secondary school 1nstruct10n and for ex&n’mnlng .students

4 e

Group B’ was a group that em has1zed the development of afacxhty to organize.

.

. materral, and to express gene llzed co‘ncluswns effectively.

- - . ~
Al 4

- y
€ J W French (1962) analysed the reader disdagreement that appeared in the

. l scorlng ol an essay type test, St F1fty three part1c1pants cons1st1ng of English .
- .~ ¥ ' L

teachers, soclal sc1ent1sts, natural smentxsts, wr1ters, ed1tors, lawyers, and

a

. , | g
Lt busxness etecutives r&ad and graded 300 college tfres man essays, .The inter— %
“.Di RN .. .

s, 'toprelatrons of the gradeds,co,res among participants were factor analysed and

oot

six faCtor's were extractgd. ,\lOl papers out of 300 rece1ved all nirre d1fferent

.

gr_ades, no paper recé’ned less thgn five tl1fferent grades, and the average cor-»

D4 L3

. reélition’ was only :31'. It was obvious~ that some raters were gt ess1ng one,)qual-
e 2 B = " .

ity and others stressing anothera '

¢
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Aruitoxt provided by Eic: . . y

Both s’tﬁd1es suggest to us that a factor analysis of teacher rat1ngs of 1tems

'“x .

may, se\l‘ve as a useful model to accouspt for the ‘dlfferent po1nts of view teachers

' N . R
have on iven set of test items, 'JPart of the present study consists of afactqr
. \& T i ’ ' ' ’ p Y Lt . * 1

. v ¢
-

analysis of t'ea‘cher'ratings- of t,e‘st‘ ’items{e althoﬂ 1'1 we aré not intere’sted in a-
'y . v . Y . .

s .
typolog'y of’ teach:ers a.s were the above ment1oned sbudxes Ou.r: cqngern 1s
Vg

.
Ty , . r

rather with_the structure of tea.e‘ger Jud%/memts r’el‘atue to the 1tem\s themselves

’ B . i . ©
ot e ! ) s s v . .
' . - - . i’_-
. . L]
’ : . A . . . \ ,
. \. “ o0 " 7 . ’."1-'-' 0.'0 .. - « 0
. . ‘ Y At e L S
o , . e A
L L 2, Re),at;onshlps Bet-ween "Leac‘her Judgr?%gnts, an{d T
A | L U ' e ‘ \, ' ‘Nl DY T * ]
. T * Student Perfqrmance on Test Items {‘ R
) ’ ot P ‘o n; * . -
L L] £ 2

ﬁfn addition to 1nvest1gat1ng te(ach\er he:l!d &bjectne it &s a-,,lso %m’portant to

.see whettier or not studenas who are. study’4ng the@.JICSM mater1aLs dev§p ’

y

.

.
e s |- . v

,~a-b111t1es alqng the /lmes \&hlch the UIG%/I authors snressf We d‘on t .really knov&t .o

. K o
N - S B \\5 .. ‘ . ' - N
what ,students learn from the pew mathematlos cur.rmulurn More spec1f1ca11y}

we don't know what kinds of- ab111t1es are--descnbed«m&a set g)f 1te‘m§ rzgreSent-
’ - ’ L] .s f
atne of the UICSM text Also, wetdon, t kno what k;nefs ofeli.erris ‘are’m‘ost

o - z.‘ + L )«-v s

.
-

-

' a::*;_goua.ted vuth reSpect to st:suden‘t mqu;f;al {ffefenoes develoﬁed in a 'new -

Ko

[y

N :
mat}fematms course. Such 1rzformat1or;1, ewen a,t F‘he desc r1pt;v 'le‘vel zwould e

. A - : ¢ . .., » P [N u

v ' VI Y Y AU
be valuable for tlzke future development of hew mﬂfthematws CUIElCulau . These
' s o . - ‘.J,'.":eu o fe
concerns Suggest the usefulness &‘ a, factor a.ma,l’ync study of the performance
- i | y . LY . ‘
rs ) T - -. L Sy RO
.Of'U}ICSM StUdentS v.‘ . " e ; H 'v,l 1 l.'-‘ ,0' .“\. '_ . //‘ ) i ’ Ly

. e . o= ~e voms -
*, e
Y

" . * .
‘ sth betWeen the obJectn es UICSM teaehers hold and what'UICSM students

L) 4 .
7/ b * - \»‘ -’

lgarn. It would be e\Spec1a11y 1nterestmg tf 'means vwc‘r‘a ivallablne for'collecung

' T "‘I ’ o * R -

data oh the ob_;ectnes of a sa.mple Yof teac'hqﬁrs-'ahd also\on th?.ac.hle'vement of‘the ,« '

) x
students of e}h of them H0wever, tHe administra}t,ion of this type of study was.
. ] .

s <. .

Judged to be tod comple;/( fom exrstxrig resources. 'Be':.;i,des if seémed.wise'to

-~
.

] «

/ 4 ¥ ; S - :
-~ invest the ava11ab1e résources in a more exploi;ator,y' typeof study. . It is nec=
...U . - e ) ' ’

[
A

}

-

TS . ~ L « " ] .
Q . I Ce e o R

Y

Futrthe.rmor.e, 1t wouid al'so be va],uable tq drscm/er 1f there is any relation- 4

,

A}

, o
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’ AR 758 .
. z(’bbd.ry to dlb\ over som‘e ¢Baracteristics of the populatl.on and the 1nstrumen§s .
P . 4 - ¢ n - - .
before once, Lan de 51g~n w1th c.onfxdenec a study ‘of easua) relat1onsh1ps betWeen

» N 2 ' . Py ' " b
., = lv$ . R .\|

teacher-hlld objecti\;'es and stud’ent achievement. e :
. .. s ‘. . . . y {7
° 14 . ~ s
Nevertheiess,, \»hen we have test 1Lems which are supposed to measure Stu- )
R - & ‘ . - i

“dent abilitie’s on the,contents of text materials, it would be very. 1nterest1ng to

-~ . PN & ' . . ¢ 4 . <

tomEare, 1nformat10n on thL teatl'&ers Judgments of the test items with the actual

’ (] .
. . ’

student pertormange on the same 1tems , The 1nformat10n ior student performance

7

.. ' would be helpfu for the 1nt&rpretat10n of thc tc.du,hers ochctn,ves found from the
"~ é’?, \, {° v

* analysis of thei ratings on items, Also the 1nformaty’n from 'the analysis of

.

.
& ~ . . -
a L3 -

teacher ratings on items would be helf)ful\\ln the interpretation of the students’, .

he . -y -

. - R . . IS N . e
achieverrent on the same items, ' . -

. ’ R ~ . -
. —

*Many of the items provided in this study are purported to test the abilities
that students should attain in the UICSM first mathematics course, bat some‘or .
- -~ .. . .. . ety ..
the items are not¥ -As we have hypot}gem)zed'in the carlier paragraphs, 11
s ) : -c\/ . . . - . 1 A
"o . Lo e . -~ . . . [
_teachers think the 1tems which are-stg:cssed m'the course are Jmportant then

- "

-
W may expect stud/;ﬁt{ to pertorm best on thescuteﬁas Moreover, the 1tems
< K
R . 4 :
which the teachers do rot think 1s i'mportant should be ones-on wh1ch students

» . . . - . ¢ T

perfog'm fess well — if there does gxist a relatibiship between them. This .

) . ) * ’ 0

‘. probI®m can be investigated by the analysis of correlations between mean values

- - »

- .of t,eac}er ratings and mean values bf studcnt performance.. - ‘ b .
A . ’ . \ * . R - ‘<i' S .
' On‘ the other hand, a factoraanalysis of the'intercorreldtions of student‘ . ’

. -
A . z b .

scores pn 1tems,w1ll tell us the students ‘common abilitie’s which underhe a

S . .
.

» - .

¢

giv,en set of items. ' A factor analysis of the infercorrelations of teacher ‘ratings

- >
- .
oot ' o .

* * “ - . .
« gives.us common factors for teacherg"*ob_)ceti’v.es,, We are interested in knowing
. .
1Y B . ., L
both of these structures. Moreover, if we tan develop a techmque for 1nvest1—
! RN L3 .

B

ga’mng the .mutual relatlonshlp between two se ts of fd‘ctonal structures obta1ned

0 . . v

frorrr the same 1tems, we could ask if there arc any consxstentepatterns "between

' ‘1’ B
\ ‘ ' , . . ) . . . .

.

. ) ’ ‘ Tt D . . ’ -
~ v .. .
t . # ‘ .




[ 4 s . . °

. . . ' .
s ' LU 4 . M .

.. the factors underlying tcachers’'ratings on'test items and thc'fa}:férs underlying

oo - o . . . £
students’ scores Yn-the same items. - ‘ o LY. 3
P . } ” L4
' « . ‘In past sfud(es_él' fa(,ior analyses, I was.not able to ilr:zd an analysxs of the’

° ' . ’

= » . » B ' -

mutual relationship between fgctorial struc turcs of such different performances
v [

. 1
- B L

,ona setof items as we'havg in the case of tgacher, ratings and studqnt perform-,

ance.. It seem@ssary to extend LXlStll’lg' techmques in oxder to carry out ... .
o e *

»
] . ~

S, N
such a study, An approprlate technique fot analy21ng the relationship between

-
N A

' factor strucfures];bta,ined from entirely different populations is developed in

\

. B

the next chapter. - ' - ' .
- | , Fo. :

. * However, there are some other technical problems which itis necggsary
te mention brlefly. When we relate teacher .ludg’m'ef'lts and student performance,

on a set of items, "what 1s the best measure ‘to describe student performance?i 0

[N

> 1 -
¢ . N4 . . - .
Since-we cannot assume-that students tomplctely lack the abilitieg that mterg st . e
’ ' —: ¢ 4 :
uslb-e-fo-re-:{'hey receive instruction, it seems rjast appropriate to look at the” .

gains made between the administrations of items before instruction and after
[ v v
- instruction. Howeyer, there are problems in irtterpreting gain scores, dis-, 7
, e ,

- A ’

c,ussed in the next cgapter', whicr{ make it adt'i‘.sablc to cxamine perfor-mance .

i .
»~ +

“on pre-test and/post test admlmstratxohs squratd) as well a8 dnélyze the
ve : P . . '3
gal’s betwce\n them Alsb some cbmpromxsc seems requlred between the -

- =
. - . e

>

requlre‘menfs}of rellablllty of en item scor‘c and the necessity of measuring
. v ‘mamy different bchcuﬁxes thhm the space of 2, smgle class The comprormse

‘we have adopt'ed is described in Chapter IH. . ) o . C ‘\

+ ] < - .7 '

In this study, we shall analyze the follc;wing: - ' P

Y
» f .

’ {1) mean tvallies of student performance on pre-test and post test admm—

.

’ ~ - s .

1strat10ns of items, as well’as gains between them, in order to discover on

.

‘ s . 13
wh’gl.kinds of items students perform b,es';t;

+ N ’
. .

’ ’

ERIC. ’ - : | S
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5¢ .

. {2r mean values of teachers’ ratings in order to see-What kinds of item5s
¢ . . . ¥
teachers prefer; ‘ L S
- : ! A . ' ‘
(3) the relagionship between the medn values obtained in (1) and (2) in
order to see if the're( exists any relationship between teachers’ general preferenoes

!

€ v -

and student performance;

’ - B " . >
‘ ’ ’ -
-~ ———+ . (4) a factorial structure of student performance to find,ﬂlexxnlmmun';_ﬁ
dimensions which accourft)fo: s;buc_lenf abilities; N ' .
v v . . " - \

"(5) a factorial structure of teacher ratings to find the minimum dimensions
. v . i

\

which account for individual differences in teachers’ objectives; and finally

T .,
. (6) r the relationship between the two sets of factorial structures in order to *- .
S . L ' : e :
. * determine whether there exist any consistent patterns between individual dif-
*ferences in ratings by teachers and those in student abilities.
" ; .. ’ ] . v ., /,', R

- b - -—_

. . A , ’ .

, . L ' '
. ] / ' © L, . ’ .
~ ’ .« / O
) . ] .
v ] . » . ~
A} / IS.:"" .
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. . | cuapteEr IT  * .
. ‘" THEORY AND HYPOTHESES . EEVEE K
’ . a .. N . -,.—
‘ * \ A A . - * * .
1. St?dent Performance and Teacher Preference for Items

N . 1 . “ . LS
. Ly L i . -
‘ ’ N . - .
* ) ] . - N

1]

N S S

. - ' . 7 . o .
In this chapter we shall use the generic term ‘‘test’’-to refer to any stimulus
- * - bl . . . o .

‘l

; : . . ‘
, material that generates a response that can be scored onysome psythologically

t . . &
N . . . ; . i . . 4
interesting dr/g*‘nsmn. { Wherr a set of ability tests, small item groups, or even X
individual test items (generically, a set of tests) is given to a group c&“students,' a

Y

fact& analysis of the interLorrelations between the test,scores would give'us in-

- S S C . SV s :
formation concerning what kinds of basic abilitie¥ underlie the set of tests. ™Also,
- ¢ A\l

% can learn the minimum number of different kinds of abilitiegffthat have to be as-

E
sumed in order to account for the intercorrelations between tests over the stu-

depts. "Suppose that.we have Test A having a numerical factor,with a coefficient
< L’ ' . -

(or factor loading) of 0.8 and a verbal factor with a coefficient of 0. 2. A stu-

e

dent who has a high abihty on the numerlcal factor and a low ablhty on »the verbal \

Yo, .
factor would be expected to have a—l‘ngher score on Test A than a student who. has
x < "
a low ability on the numéric al-factor and a high abi'lity on the verbal factor,, even

if the two students have the same total on the two factor scores.

.

On the other hand, ,when the same sct of ability tests is presented to a group
/ . £ > 3

. of teachers and the degree of the goodness of each test is rated by them, the

L 4 * o D

faétor analysis of the intercorrelations ‘b'etween the tests woufd tell us what}/{nds

" T

of a/nd the minimum number of, dlfferent view p01nts concerning the goodneas'

d '
.

of /tﬂe tests that must be assumed to-underhe con51stent dlfferences in teacher -

4

preference in order t6 account for the 1ntercor'relat10ns between the tests. b'vcr ) i

" ’teachers. Let us suppose that Test A hasa h1gh coefficient (or loading) on ./
/ F‘actof‘ I, say 0.8, and a low coeffic;ient on F_actor II, say 0.2.- Under this ° )
. v i L. ¢ 6 .A -;. s - . ’ . " \ . e
~ o - /
.’ 14 . '



. o

\i‘n'

’factor and a low verbal factor, and if they rate other tests in the’ same way, the %

.beginning of the course wquld Be a better measure-of achievement t'h'a\the per-

c1‘cumstan(.t, a tegcher who emphasizes Factor .I and does, not emphasize

Factor II may be expected to give a hxgh rat1ng score to Test A, On the other 1,
. - :
hand, Ha teacher who empﬁiaswe_s Factor II 'and does not emphas1ze Fatto_r,\z may

be expected to give a relatively low rating score'to Test A,
A Y ? -~

@ .~

' . i » . T T -
~"Whethet these Factors I and II do or do nothave any relationship with the

urner1ca1 factor and the verba.l "factor which hawe been found by the ana1ys1s of

.

— - e e —— T e

.

student scores raises a new and 1nterest1ng questlon to ask., If the teachers are

. .

capable of rating Test A good (or bad) for the reason that it has a high numerlcal

N

f‘actor1a1 structure found in. I,he set of .students stores, would have some s1m11ar1ty

H

to the structure found in the teachers' rating scores. If the teachers rate the .

o 4 LI

tests w1thout pay1ng any atténtion, consbously or unconsc1ous1y, to the ability

factors which the tests are to measure, the factor1al structure of the tests ob-

’ 2
. 7 ’ ,

tained from the teachers’ ratings would be different from that obtained from the

\ v

students performance, since, in such a case, the teachers must have rated d1f-

t - L0 o I ..
ferent aspects of the tests,” One of the purposes of thss study is to find wheth.gf

= 4

or not any correspondence ex1sts between two such structures obtained from

-

*

‘
-
.~

- . . t
achievement tests. .-

] “ .

- o

e > . -
& . ’ !

)

.

) " 2. Post- test Achlevement vS. Mievement

i 4 * F3 w oy

~

The second problem arises from the quest1on ‘Do the .students’ performance }’
. - . ' , s » !
scores ona set of achievement tests serve as the best measure to be related to the
., . . . )~

a

teachers® rating scores?'’ An aim /of'the achievemert test is to measure the stu-

”»

dents’ progress during the study of the course,. ‘Achievement, ' therefore, does

-, ' . .

not mean a level of erform ‘nce n the task 1ven at the end of the course, but
p 37 L g

-

it does mean an ,amount ofp -ogrpss during the course.  In this sense, a gain
5 . -
score of the\performance,a the?end of the course from the performance at the”
‘ o : L y : ~

-

P
-

29 )



LY

formance sxmply sHown dt’the end of the course. This requlres u$ to give a p're-

- a? e
- -~

test and a post test and obtam a ga,m score from th.%m to be used as a measure

.. of achievement of the students durlhng the courde.. If we Lan. asSumer special

.
N b4 '

*

3

[ [
- coaching on the given tést, we could use the same test ‘thLe ~ as a pre-test on/e
-, . a . ' : [
] time and a pdst-test the other. However, some careful direction ‘to tHe *students

v
-~

would be necessary at the pre-test time, becaduse they may be upfamili:ar with the
Pihuninll ‘ ;

. f . 4
’ . . -

given material and may become too frustrated’and discourageéd to attempt the

Al .
. ’ . - o

. ~
. . - '
items. \ " .

- Ri
/

.

«

As for the te‘sf r high a\'erage gain score between pre- and post-testé is

¢

an 1nd.1catlon that the tests are measuring well the students’ achlevement attained’

.

* . ’ .

in the Course. ’ A low gain sqoz‘e may come {rom several sources. Some tests
= L -

’ " might be too difficult fér students both on pre= and post-tests. If a test is such
- - < . A . & ~ . Yo

that its content is net stressed in the course, the gain scores might be low.  Also T

B

¥

. some tésts might be so eaby that the students do well at both times, and Con?—‘
> ) -

sequently ‘the gain scores might be low. The students might. hate already known

. ’
-

‘the-content of'the tests, or Sorme tests might be correctly answcred without any
K N b i .

. ° N ) ol ~ B
knowledge learned in the course. " In other cases, .the Content of the tests might be -

L3
- ~

. irrelevant to what the students studied‘m the ‘c'o"urse The ga}n sxores would .be

low also, even though the dﬁffu ulty of the tests is moderate at both times. I.n any,
.o e
case, a low gain score, on a test mduates that it does not. serve as a good ach1eve- ¥
L]

- ment test. \Q\,en though most students do welf at the end of the LOUI‘SE, thi " does

°

- 3

"not ne,.cessanly mean either that the tests are good or that the teacher,s teach1ng &
. ‘ / ‘ ’ ‘ . A A
was effective, unless the aWerage gain score is high. Practically, a test having

. N s A~ 3 . ’ N
a low pre-test score and a high post-test score tends to be a good achievement

KSR A . . . S
test in this sense. - “ 4 *

» . - . X .. ’ ) Yy . / .
In the previous section, we discussed the problem of lpoking for the factorial
™ structure of student performance in the post-test,,the factorial structure of teach-

’

. er judgmeht, and the reiationship between the two structures. The same djis-
-

fcussion is possible, replacing the p.ost-test performance of*the students by‘the 7 \
- . * .; . , .
> o ' b . : . T
ERIC - . 5" o
‘ ] d . )
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"7 gain scores. Do teachers fudge the test haying a hxgh gain sc'ore to be good?

.
.
* . N LY
. e

c i . \
I§ there any relat1onsh1R between the.teachers’ Judgments and the ga1lx scores‘7 . ..
- a . . ~ ’ A 3 ,
- "To look for the relationship, 1f any, -betWeen the ,factfor1al structure of the gaifn
'-:'.':‘ « ‘ - \ . - R
- \scores and that of the teachers rat1ng Scores is thus the seco,nd and mam,purpose .

'Q‘X:
1

of this study, However, separate factor a.nalyses were planned for the pre-test

’ .
I ’

data, pdst-test data, and gain scores data in order to%hvoid problems resultant

- fromgoverlappirlg specific factors in the pre-~test and‘-p'o‘st—test data. T -

. v ) H * . a
- Gulliksen's remarks on' ‘intrinsic vaildity' are appropriate here, since our

4 .
. . i ) . " . - *

-~ » -~ -

L - :
attempt.is quite parallel to what he suggested.

»

) .It would be my hope then that the future develop-" ,
L : ment of aptitude and achievement testing will be in the - ) N
o ~ directions of greater emphasis ona search for validities :
‘ that may be fundamental and lasting as’ contrasted with .
.those that are likely to be fortuitous or transient. It seems’ o
‘that this concept might be denoted by the term ‘intrinsic ‘ -
vahdlty’ — intrinsic¢ content validity for achievement tests ’ CL
and intrinsic correlational validity for aptitude tests, .... .

Ag far as I.can See, we have in the achievement testing

field the judgmemy of the experts to rely upon, but we can.do .
= much better and mqre intensive jobs of cltecking these expert
judgments. If judgments are obtained from a number of per- « ’ .
.sons, the techniqués,of factor ahalysis can give some idea of

.

_ the complexity of the system with whith the experts are real- .
‘ v .+ ly dealing. Furthermore, a more intensive use of pre- o ,
= training and post training tests wodkd probably be .of very -
great value in sharpening the judgments of the experts re- ) )
' garding the relationships among d1fferent types of content T, - L
(Gulliksen (I950, p. 516)). . ) .. .
- - ‘ ’
.. . .n . \ s , 2 »
v 3. A Mathematical Model Relating. Two Factorial Structures
. 7“_The investigation of a mathematical rela_tion"ship" bétween two factorial strac- . )1
[y 4 - ! i ' #
tures belongs to a branch of canonical"analysi"s The appl1cab111ty of canon1caL
- .7
analysis to the f1eld of educat1onal research was fn‘st proposed by Hotelllng in
, ~ e
Ris The-most predictable ¢riterion (1935). " Since then' several others have .
, supported the aPplicability of this approach (e.g., Thomson (1947), Burt (1948},
. Bartlett {1948), Hor$t (1961),"-etc.).~ | ., .
. In 1948 M. S. Bartlett proposed d concept of internal and external factor
-l analysis. To take h1s example suppose that a set of mental tests and a-set of ..’

t&c . L L

wll Toxt Provided by ERIC . .




. -
+ . .
. : . RN 16 - ¢
’ ~ - .
-

physical measurements E:q.e made on the sarne g'reup of persons. .The internal

LR . r

-
.

analysis of the menftal scores will yield the ¢rdinary factor analysis and also
-y .\. /\ }iw‘ -

oo the 1nterna1 analysis of the physical measurements will y1eld a factor analy51s -

‘. I3 . o

of physical*structure. The mutual relztions (if any) of the two groups of meas—

. »
o . ’

-
oo urements wouid bé exam1ned bx means of an external factor analys1s Bfa’rtl'éft s
’ "' v ’ o R A
‘ method of external factor analy51s is a technlque for match1ng the underlymg
: M . v = .

fact‘ars for two sets of .variates, the mental scores andthe_physical measures.

-
-

The factor matrices for both sets'of variates are simultaneously related by

o A
e . . » - » N ]

‘orthogonal transformations. until a factor fTom one gt is rnaximally ¢orrelated

e

gt ¢ .

with a lac‘tor from the ofher sct, *1dent1fy1ng the f1rst factor pair. Thesé factors
o . — - . . .

are held fixed wh1le th second pair is 1dent1f1e(} and so forth. 1

v

. As for the stability of factors over ditferent batteries of tests, L. R.

Yy

’l‘uck,er developed ‘‘an interf-battery method.of fac'torl'analysis {1958). Given
twg test ,batteries, postulated to depend on the same common fac¥ors,. but not
[t < ’. . LT -
. parallel tests, factors that are common to the two batterie’s are determined frém
- . * "

the c'orfelations of the tests in one battery; v«./ith the test in the other att'ery:f .
) @ .
G1bi,on (lQéOa, l960b - 961) alse expanded Tucke.x s method o N

- Both Bartlett s and Tucker s méthods-are’ closely .related to out problem/

\ .
+ . L} -

as far as the’ rnathematlcal techmque is concerned. .But they are different from

.

. "our problem in the respect that the former rnodel's treat’the case in Whic'h the

’ -, » .

same sub_]ects take. different.tests or the same tests 1n dxfferefﬁt cond1t10ns while,
- th%latter has to treat the tase in which different sub_]ects I’espond to the same

T R Y N )
- . tests in d1fferen,t ways. Tfns ty% erfproblern has been treated 1n the context '

*

B‘a.rl@w and Bur‘t (1954), Zagert and Fr),edma.n (1953),

‘e s
" _‘house ﬁ964) are examples in this lire.” -~ . e

Wr1glJy and Neuhaus (1955) ’:Mered1th (19641&1, and P1nneau amd New- o .

»

¢
»
-

-
[N

+
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The general idea which-we will use in this study is the fpllowing.

=4 J—

‘Suppose

. -

. *that n items are givén to NS students t® wcfrk and let the standard score of the

. v
=®a, -

t

e 1~S-th student for the j-th 1tem bc z:. . The score, z.. , is assumed to be deter-‘

Jls N g - .
[
‘xined by a composite of several basic abilities, so-caléed, factors. If-'mS is the 1

~ . ' . . . . ’ ' .
number of th'e basic factors which are commonly involved in more than one.item,

. - - '
¢
-

2. is expressed by.an equation R ) d
Jlg . P

- (15‘—\5"ZST"'I§S;J=Y’ Zf..,n)

. ;;‘ ~ The coefficients a ", a >, .7, a
K € a/ ., _‘}-S Jas . ‘Jms

to ég‘éh_of the factor$ -’15, &S’. . ., mg, respectively. They are often called \\
. @ % <l . 5 i a o,

“express the cpntrlhution of item*j

A Y

the common factor coefficients or the common factor loadings. In this study, we’

I

P

$Hall use the term ‘factor cocificients’ instead of 'facter ‘loadings‘. {f' the co-

efficient a ig large and other ¢oefficients gre approximately - zero, one cori-
. g § 1arg 5 ne e Qre app Y § » on

mon factor ls is dominant on the ite‘r’r‘} J.

o ' . ' .. . Q. [

the students, il thv_it.exjn.is specified, since they-arec item attributes.

- T .‘ K w‘ . .

. . The variableg- 3., 7% Xynhooos, X

The coefficients are inyariant over

4

, Yefer to the amount, of each basic

T .
: R S : Ms'st
Ability that’thg‘stude S has‘ and they are often called the&factor scores of. the

7 - » P .
S ‘is, con51deredoto have h1gh ability -
s Sy Ly e
:T.he factor scores are invariant over the given set of items, -

if the studént is «speci'fied since they are student attributes.

‘ &.%t‘ude'nt iS If}x*' . is great, ‘the student i

)
.in the factor -ls

%’s are assumed

R to be s?rﬂdarduéo so that the mean 1tem is- 0 a.nd the standard deviation is-1.
‘The. term ujl "is a funct1on of the item and the Student.
- !. S“o. - -
item and student and it is called the uniqueness of student i&

A similag model holds_ for the teacher ratings. If we let the rating oft

%

It varies for each
L3

. - -
for item j,

& -

. P teacher iT on the jtem j be zJ , the z.| s assumed to be a compos1te of

$ T “ji T - . T
. several basn‘:‘ob_}ectnes held by the teacher and it is expressed by an eC{uatlon

[ .
. 8 ) . *
. . B

- Z, =a.; x, . *%ta, b .,'f-.-... ta, x .t u.. g
. £ % 5 mo X m . , %
. _ il Lpip JZT ZTIT ' ".T » Mt Jit
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A . . F

- ' 4
. i, =. Noih=<dy 2, . % 'n)

- . T T’ T’ .’~ T b 3 ’ @ " 3

where a,, , a., , . ,\a. are the common factor coefficients_for the item

T et © ™ mg e '

J and X, 1 » Xy 4o, X i are the common factor scores of the teacher

LT T CTT - MriT . - '

CiT. The u;, is the uniquen€ss of the rating of teacher ip on the iterh j. z's

-

. oce ! JIT e on

andfgc's are also standard scores. *- . .
a - ’ \ .
e ‘. PP : P .
‘ Factor analysis is a method for obt2ining the common factor coefficients“for

‘ each item and sometimes to e¢stimate the common factor scores for &ach person

- -“? . -, 4 . Q&“’ 7

«” under some additional assumptions. ’ . .
4 . .
o f 7 ) v

~However, the coefficie‘,ﬁts ajI’ ajZ’ Ce

mathematically. It depends on how thé refemence axes are taken, and they are °
1 = P

"a. are notruniquely determined
jm *® y d :

taken by somewhat arbitrary criteria. This is,:so-called, a rotation problem.
. N .

For example; if an observed score of th(p‘g;so\n i on the item j is 1.5 and

the number of common factors is two, both solutions below satisfy the equation

d + r » - My

of the model. ™ . ‘ .

2ip T A%y T Xty .

1.5 = (.7)(1.0) + (.1)(1.0) +.7 R .
7 . r;_" // N Y + .
. F15) = (5L 6) ref 5)(0.0) LT V4

There are an indefinite numbér of solutions that satisfy this condition.

Orfe of tife criferda which’is most commoénly used is the principle of "bix"nplc
. . Rk
- 0 S ;- .
. structure. '’ If only one*-comrh‘gnnfaetor is involved1n an item, 1t is said that the
. . i N ) S’
complexity is one, If more than two factors are involved ih an item;y i is said

[N

s »

that the complexity is two, 'th'r.ee, four,-and so on, according to the number ‘of
A, Sl N . . "
common factors involved. It is obvious that minimum complex#ty would be d¢-
. . - - LY
sifpable for the description 'of the variable. 'The principle of simple structure is

j -at:r1ter16n of minimum complgxity of the factors for each 1tem Tk
. e . ¢'

T : . + ' A ~ :
In the tnterpretatlon of the factor structure of*teaa her ratings, we must keep™n
mind th&¥effects of discarding the mean ratings. A consequence of factor anal-
ysis of intercorrelations 1% that all factors obtained are dimensions of.individual
differences. In this model for teacher Patings, over=- -all agreements in ratinge
are d1scarded . , R L o .
ses ' o3 E

This is not the r1go.rous statement Jf the prmc1ple of . sxmple structure. De-

ta1ls may be found in, Thurstone (1947 . p. 335) NS - :

‘

% - .
@ Ll -~

«. ‘ | . b* ).n ) ] :2‘31: - .' . . R -,
. . R .'u_ .

. .

’

P

&
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The other Q%:inciple would be ;o take the réference axes so that the Contat-
-4 v . . : ) . )
butionof the first fagfor over all the item; J(thbe sml).mlaz’ + a‘a +.0. .4 az ) is
out ; : 1’221 nl

- 'q v

. ‘ e x . AR 2 ¢,
maximum, and that &f the second factors (the sum, az“ + a‘Z + .. .t a_,) is the—

12, 722

Y
-

' next maximum, and so on! -This is so-called the principal-axes solution. -
-~ : [ Po— .- : B N :
: b i ? ) ., - " . . .
These methods are, however, the methods for rotatirig axes within a single
‘4 - . L) i"J‘: . - ] »
set of items over one group of subjects: What we are considering here is the
. . ’.. - - ) - .
/. . . L e . ar et
determination of axcs o0 as to take account of two sets of items over different
e = . t . "’ . : - '
groups of subjects, simukta‘neous\l}y. o e '
i. - P

Suppose that‘v»e\have taken nig tommon factors from student scores for

e . . s
n,items and mp common factors from teacher ratings for the same n items.
, 14
i . " ‘O : . .
The mg and m.p are not'necyssarily equal. ' Instead of taking the sum of squares
w
-

of the first f,actor coefficivnts over n 1tems to be maximum for each group of

:
-

data, as the principal- axw method d{ we Lpﬁ'd take the first reference axis.

> -

~

fﬂ
So that the first fac&r* Lgefnments offn itexmns for the student data are as similar

ias possible t%‘the fif§t factor cocfficients of the same n- items for the teacher

=z f

ratings on the basis of the criterion of similarity — the coefficient of congru-

ence — which will be.explained later. The second reference axis also could be
- . : t!oi- .

taken so that the second factor coefficients of n items for the student data are ‘as

» ! . . I3 < ’ N ° v

similar as p(gsible to the‘second factor coefficients o_f.,,the sarme n_items for the
’ - b«‘.

teacher ratmgs, under thd additional ‘condition that the second factor coefficients

B -
. ~

are orthogonal to t'he first one. This process could be continued until the pairs of

- I

facfor coeéfficients ‘ar;‘e no longe#k imilar to each othér. The system of matched

had Y

=factors obtained #n this way will be c%sidered to be congruent factors. The

first factor obtained.from the student scores is n;axixjnumly congruent with the

¢ ! ' .

« first factor obtained from the teacher z:ati/ngs.{ The secorid factor obtainéd from

-

the student scores is the next méﬁiﬂ;ignumly congruent with the second factor ob-/
. + - ‘

- v > L d Y. " ‘
: -

tained from the teacher ratings, and so forth. =~ P

- -

’ .

‘e

.
s

A



3

5. %,
4 . ! - , - R *
. ’ . - 14
- N - .
3
o .

The degree of congruence will be defined as the sum of crose:-prod\uith of

[N

_ the matc}i'ea antey factorﬁ’oefficient,s, where the unit factor coefficients refer to

‘the normalized factor coefficients over n.items so that the sum of the squared
. v ' ‘
oefficients is unity., THis degree of congruence will be called the

.

‘coefficient

-,

’ ’ ’ : ]
of congruence’’. The coefficient of congruence roughly resembles a coefficient

A a - . .
. -

" of correlation, 'bu_t itis not exactly the sameﬁ, becausé the coefficient of congru-

1 . ®

o - : . .
ence refer’s to the sum of crtoss-products of the unit variables, while the co-
, ¢ .o . . S
efficient of correlation.refers to the sum of cross-products of the deviations from
~- ”
the,means with unit variances. The coeffici'ent of congruence waries between -1

LY / .

-

.and +1. +1 means tha't the two matched unit factor coefficients are identical

with each other, -1 means tha_t they ar'e ‘dentical in the gg_p/osite direction,

N s

~and 0 meéans that they 'are uarelated LA ‘

o

’ . )
Defining a m1n1mum coeff1c1ent ot congruence, below which the pal;/s -of

IS
PP

..factors are not consid‘ered_‘to be congruent any more, we could obtain r sets of

.

s

pairs-.of congruent factors. Thé r is/(sually le’s& than e1the,r mS or mr. The,
< ~ o, -

rest of the student factors (mS - r of them) are cons1dered the factors that are

. . . : .
involved in the student scores oply and non-congruent with the factors for teacher
ratings. Tne rest of the teacher factors (m,l; -r ,of them) are.considered the
factor,s invol'v:ed in the. teacher ra't.ings only and non:congruent wi’thjthe factors

Py

a

for the student scores . 2

. What we are going fo.do in this study is to flnd the congfuent factors (1f any)

LB
involved in both student performance and feacher ratings for a given set of 1}81ﬁ§‘-

If any congruent factors are found, the degree of congruence will be studied.

-

Three kinds of data for student performance will.be used. The first one is the

. ‘ .
’ -

scores,of,itemﬁon'the pre-test administrations; when the contents. of the ttems

- . ~ . ) .
had not been taught. The—seco/md/ene is the scores of itemns on the post-test = -

' . .

admi/nistrations after the contents of thelit.ems_ had beénstaught. " The last kind of

»
® - -

data is the student gains from pre-test to post-test on each item. Factors ' °
.r - * ’ .

- = ~

Ay

.

™~
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&\‘

[

found from ea.ch set of ‘student da.ta. w1ll be matched with the fa.ctors found from

Ne

- .

B ——

the teacher ra.tmgs a.nd the degrees of congruence for ei h case will be com-

bR}
L N

pared e -

©

*
l.’
1 ‘ *

»

1 ‘e . .
L '.
o ,

The rest of this chapter will be used fo—r more technical development of the

computamonal procedure for gett1ng congruent factors

from Tucker (1951) angl “:’rzgl'ey‘a.nd Neuhaus (1955).. -,

i
)

- -

¢ i

— !
[}

1y H . < a
‘\ Mathemat1cal Rat1onale*,for Ma.t.chn;g Two:Sets of Factors ¢
- . - . S
Now, let LRI ] )
\.— ¢ .—‘. 4 s ) i :
) . z. z i . i i i Al
g P AN ‘ ﬁ"‘,\i
» T ) i N ¢ )= 1: Z: . N: n 7':.:-“.'
Z. = " . : (1) *
' T n .
¥ = ? ? ? N
- P T ' 1t J.T ZT o B T
z z . z, . ] .
N . nl‘lT PZT 4 " nNT R to- -
s . , ~ . ri —— l,‘q. -
. £
a‘.’nd : b . N A - ’
? i L} .
< - * s "‘ . A . ' .
<L 11y Przg e AN < et e T
v A ° - ,j = 1" 2’ y ,.) n
- La e . ; { . . v, N X (2)
L3 z :.,-Ll S N . . z* A . ] ~ . .
. - \.’S . < . JIS g lx‘é :vls, °ZS, 5 Ns’ .
-‘ * v * - ) ./_?'/ ’ '
. . ’ 7 .
Z z Z )
. il §2s nNgt o
A N '.— . ). I LY
where n is tHe number of test items used, . .
s . N 3 - - . 'S - ,
.o NT is the number of teachers who judged the items, and 7. -
3 y : ! ) ’ v *
* NS is the number of st;ud'ents_ who took the tests. oy

R

ZT is ann X N

Jdth 1tem _)udged by the i

item obtained by the is-th student.

Tmatrix ,whoée G, i

\

T—th tea.cher

o

)

1]

Y

]

element is a standard rating of the
’ .

s

ZS is an n >< NS matrix whose (_), 1S) element is a standard score of the j=th

15

Its main iglea is borrov&ed
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¢ .. Lo o . .
/. . "When.we are talking of a gain score of post-test from pre-test, zji woulq

- . A \ " . ’ S P
‘be the gam score of the j-th item of the 1S-th student. When weé are talkmg of

a performance score of the post-te%nly, the‘z,ji’ woild be the berformance
score of the j-th pdst-test item of thie ig-th student, and so on—A's there is o

.
1y

~ no diff'erence between the kipAs of student scores {n the mathematical formulation, .

-
-

we* shall not-differentiate chese 'scores in: the follow1ng discussion unle.ss the dif-

. . » o B .’
ference has a speC1a1 s1gn1f1cance. ' : : v ) .
. iy

- i . : . s ..,
' v % &= ¢ "t

Por.matrices Z'R and’ Z.S the it'gms beé.ring the same row number j rep-
> . Tt
resent identiéal 1tems, but the dlfferenCe is that the one is given to the’ t‘ea.chersk
’ - N B :

to Judge and the other is g1ven to the students to work. . . ) v

-
‘l

E‘or e‘ach row of the matrices ZT and ZS the scores‘ of téig.g_hexjs and stu-

dents are assumed to be standardized,. for convenience, i.e.,

-

. T . . ‘ ,
T = Y oz, 50, (3) -
‘ . Np & gt ‘ \
T , l
‘ : 1 s z.. Lo, ‘ () -~
- i ! :
e N; ?:ljls... 3 £ ‘
N ' : . S 30 .
L] L] N ’ D-
Lostel = , (5)
. TS _IT { \ '
d ¢ LN 1T -1 .
-~
1 stz = ] A (6)
~ i - .
o Ng 2 g * ‘
. 15—1 - N A

Hence, - the products of ZT and its transpose Z;: divided by NT yields a matrix

S

~

of c’orrelation\coefficients between items judged by teachers,

1 . -

S S ’ o
o Rp = NTZTZT , : (7 .
" ' ) : . ) <
Simtlarly, ’ .
Dt = ‘_1___ ! - : : * ¢ ‘ ‘ . v
SR ) . Rg = N, 2525 . - ® . 07,
/ . . t'. S ’
+ B * ) ‘




- =
. . ¥ ‘ ' . - )
"which is a matrix of correlition coefficients between items of tests for students.

I3 - . LY .-

Both RT and RS are n X n symmetric matrices whose,diagonal elements stand _ |
for a unit variance of each item. - . .

\ L3
- ) L} - . -
.

aﬁﬂ}"
L

> .

According to the ordinary model of factor analy§is, each of the rhatrices Z
Al .

. , ' . s . Ji S T
© and ZS is’a§sum_’érd to 'bé'f'actoxl‘ized as R e o
. . ¢ R 4 v ) Ve
- Zp = AXprUp L P - .(9')‘ U
a z.'2 AX + UL 5 ‘ (10) .
and .| s T s%s T s S ,
or 'ZT and Zg are approximated by i ) o
‘ / ’ ' . '.. ; . ‘ Ul . (S
e 75 = ‘A‘TXT’ : - 4T1)
a.ljld' . Zg : Zg = AS'XS .ot : L (12) . . .
A:I‘ is an n X rﬁT. matrix (mT < n) which may be called a factor coefficient
matrix or, §imply a fadtor matrix for teacher Judgm.’enis on items. XT is an ~
m'a‘trix (m . NT) which is’called a factor‘score matrix for teacher
(. . .o ,
Judgments on 1tZ:~ms A and XS are n X me (mS < n), and mg X N ( S < NS) A

-
~ -

matrices for student scores, ard called a factor aoefnca.ent ma.trxx and a faxtor
, S e .
score matrix, respectively. Neither m.. ner mg

of items n which is not greater than either N or NS but .o is not necessarily

‘e’qual to n'is Since the analysls of ZT and ZS cath be ddn’)n parallel we shall

- .

are greater than the number

v

s1mply refer to Z,- A, X, Uy and N, for a while, 1nstead of d1fferent1at1ng ZT .
D’ \ -
and Z g T and AS, XT and XS , UT and U ’-NT and NS, etc.

. A and X codld Be determmed ih various ways (see*Thurstone, 1947 and
/l’&(’nan, ‘ 1960.)-‘ One way is such that the distince bétweén Z and -AX with a

.

lower rank than that of Z is minimiied in“a least squares ‘sense, as in the dével-_ R

Yy . . ¢ 5

opment by Eckadrt and Young (1936). (Seé also Horst, .1.963). U ‘couldbe re-
gerded as'an errdr part of the approximatien.* o4

.
P

H
¢, -

“ The choice of using the Eckart and Young development correspénds to deter-

* * mination of principal’axes factors from the<orrelation matrix with unities RN
in the diagonal cells rather than communalities in these diagonal cells. Recent®
-work by Tucker (1965) using simulated correlation matrices indicates that
principal axes factoring of these correlation (gontinued to the-next page)
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' Accordmg to Eckart and Young, a matrlx Z is (Onstruc ted to the desireds

-
.

degree of approkimation in a form

»

T . ' 2 = FLX, s (13)

" where'F 1s—an—n-><k o;thdnor;xqal matmx such t;1at ) T

. ) " . ﬁﬁﬁl‘ )

R : . F'F, = Ik T ' | (14)
. which 1s er{ identity matri’x of order k. o o _ .

~ . I3
> ‘ . v .

L is a k X k diagonal matrix whose diagonal elements are positive and ar-

'ran'ged in descending order .of magnitude, and "

.

X is .a{ k X N orthdgonal matrix ‘such’that

L ‘:— ’ Co /2 e
] - { 1 . . . .
L NXX = ‘Ik .. - (15)
NN we”le{A . : / . < ’ .
. § . . o . ] . ‘ \‘ R
e *, A =FL, a ﬁ (16)
. . - ’ . -, v
.- jeduation (13) becomes. g . o - e e
: = - . - TAS ; ‘ ml N
. . : " Z = AX . _ ‘ (17)
—r - '\ ' . o .
In our present model, we could start from the intercorrelation matrix
o - SRt Llgg o © s
- N L] . a

- .’ - . ‘. iy

. v o R

latent roots and: vegtors of the mtercorrelatlon matr1x, R. Since R isa square,
'symmetric matrix with unit d1.agonal eiement,s, R may be directly analysed by
the lofcl‘inaﬂry princip’al component a'nalysis (see .Hotellmg, 1433, and I-,Iarman,

1960). ' . . L. .

s,

G ﬁé_:’,” Let ,R be approximated by . ) s

A L

. - A 1An, . v ot
- / R =527 . . - (19)
’ ) v ] ! A3 T-g ) - . ’
. ' matrlces with un1t1cs in the dlagonal yields f.acto;' solutions closer to input

common jactors than does factor,analysis of these matrices with. communalxty
estzmates in the. d1agonal eells.

a2

4

_The componénts F, L, and.X in equation .(133 could be determined from the * .

+



= e
(7 » 19
From (13), ‘ : .
k- ' NP
Ay , " :
R.= ¢(FLX)(FLX) =
R s 4 NFLXX'L'F) . "« 20 ‘
— Since -}-XX; Z I and L = L' then ' : o L '
L J Nﬁ_’ = ' [ 4 .- ‘* — « D
. 42 »// /\,’ , . / A . ) - . . ¢
. . R = FL2F" . , (21).
N FA .
We should not1ce that, L? is identical \ﬁ'th latent roots of r,~and F is a set v

of umt 1atent vectors associated with L2, Th1s could be ver1f1e’d by post-

, multiplying both sides of (21) by Fi* - - ¢ g
. , . L ) |
RF = FL2F F = FL2 . . (22)

The product of the matr1x R and by eachéof the column vectors of F is a vector
7 F Al

4
which is Proportlona.l to-that Eo,}umn vector of F. In eacl} resulting ‘column vector,

the constant of proportionality 1s the corresponding elerifent of the 'diagonal of L?2.
’ : , 1 N N ) * .
This means that F is a seb of '1atent Sectors of R associated with k latent,roots. ~

7
Furthermore, since K- latent roots of R are ‘the, first k largest roots of R
)

(Harman, 1960), the groporion of the sum of the diagonal elements of L” to those

of R indicates how closely ma.tr1x R (= FL«?F ) with rank k (k n) approxi-

» mates the matrix*R. A ) - ._ .o s
.Since A = F_Eby~ (16), equation (21) yields . ’ '
S = C L, .
. -~ R = aar. C i (23)
- : R R N .
Since F F =1 by (14) and L 1s a d1agona1 matrix, ' = .
. . . Y ’ ) , .A ’
. A'A" L F'FL L. : ’
r . - = L2 : . : . (24)
. o o - . -
Equat1ons (23) and (24) als'o indigate important propertles of matrix A. . )
’ - . ] I3

[

Let us go, back to our problem. Here we have two sets of data, the one {s from

F P

o~

a group of teachers and the other is from a group of students. They are .expressed

e A ~ . * ! ' . -




. _ { o ‘ 4 20
5 _ R QT = APy = FTLTXT, (25) -
Co d 2 = AKX = F.L.X. 6
$an o, s Bs%s T Tss s’ . (26)
where J ! -
7 % e , .
i p— * »
4 a;r, a . o]
¢ » . 11T klZT a]_mT Jg.
- ! . =" . . a . . .
N AI‘ JPT vy - (ZT" ’r
'$ o v ' d . , ‘ ";"‘\ A '
g an1 a 2 / ) a :
. A i i nmr
% . ’ ‘ : -
T . A o A T (28)
. 5 . T S T:],
) (J- =1, 2: » N, PT"- 1T: ZT, . mT) ’ .
and ! '
- k4 \.:, ¥
' ’ [ 21,2, " ¥Im |
® S s s M &
- J . ,
> A " N (29)
- L] . a. N L] -
5 o J4g * -
. ’ a .a ) . a i
) ] nls nZs nm ¢ 1. -
: C 2 a « a e oa_ {(30)
’ . B ls Zs qg ms-l
. ) /9 N G =1, 2, ., n;qg 2 lgy 260 « ms).

. i
- The elements of matrices (28) and (30) represent column vectors obteined

» ‘

. ’\

- by partitioning (27) and (29) for each‘column, respectively.'

.

. Now the questhS howrsimilar are the two factor matr1ces AT

+ = each other. If.the first factor from the teachers’ data is s1m11ar to the first,

and Ag to

" factor from the students’, the vector aj = is approximately equal to the vector,

.o . T : - ‘
oy a; - If the second factor from the teachers’ dath is similar to the second factor
S /:’ - ) 'O '.’ L «
from the students",, the vector a, is approximately equal to the vector~a2e-, and <
o - T 8 C. S
. =
o éowforth. - . — e .

- N J

4
‘As a matter of fact, the coordinates in factor space are chosen in somewhat

'_arb1trary wavy. Hence, a transformed matrix )

Py = ._'LT' ‘ ALY

- ®




/:/ - - . I . ,Z; A
., ‘ ' 21"
also gives us a factpr matrix haying different coordinates. T'l' is a transfor-
s v S
mation matrix, Similarly, we could have a transformed matrix .
PR Bg'= AgTs - R A (32)

for students’ data. Our problem is to choose factor matrices B, and Bg so
) , . - . . ad [ 4 -

that the si

the degree of similarity of a factor P in matrix (27) and a facto;' qs'

atrix (29) could be defined by At - ’ o ’

{;’Eh. !
- . . rn - &z{% ~ 1 ¥ R *
4 JI?T J4g . .
R L : pp = lp» épr o Moy
h = o . )(33)

- f . .
.
3 . : ! )
. - ,
-

h =
: ' P..9 - ]
- T S (a +
. (a’ a e 34
.. ‘ J PT pT qs‘ qs) (34) /
« ™ 4 . . ’
If we express al the h, 's i#fja matrix form,

= 2 ! : o : — '
HTS DTAT ASDS ’ - : (35)

va-
*

L 4

v where the elements of H.. .are h o) ‘
- . TS P9
v . TS '
' -~ D is a’ diagonal matrix whose diagonal elements =
= + ] are equal to the diagonals of A,'I.AT, and

- )

v - US is also a diagonal hiatrix whose diagonal ele-

meéntgare ecigua'l‘ to the diagonals of Aé-AS°




SRS . : ) ) ' ) -
g o . a I 22
: ‘ : i . . T had b v
. . +  *If the CO_lurnn Pt of factor matrix AT and the column qs of factor matrix
' " o - P . . “ .
AS are identical with each other, g ) : ~
, ) o >, . o,
7 h - 1 . . 36 "
7 Pprag { . , (36)
ad s IS
- v . K ’ { L 4 \ v P /
i If the two columns are orthogonal, . .
C T h =0 . T Y
: Ppds T : -
P h * varies from -1 to +1. - © ’. “ f ‘
- Pr9% - - : .
L7 v . . . ...
o . * Such a measyre of the degree-of similarity is the same as Burt's *'unadjusted
- , [ ’ ' . v
correlation (1448)"", Tucker’s *'coefficient of congr}uence (1951), " and Wrigley
L3 N ’ . 3
. - - -~ . - . .. » °
¢ and Neuhaus's ‘*‘degree of Tactor similarity (1955)"", Y SR -

°

Now, the coeff1c1ent of congruence, which we shall use in this study, between
z

-

two factor rnatrices BT (= ) and BS(= ASTS) in %quati»ons-\(31')‘ and (32)

——

can be maximized by choosing adequaté transformation matrices as follows. By

¢

] definin'g a congruent space between two factor spaces B’i‘ and BS, the first
factor of B is matched with the first factoy of, Bé so that the highest coefficient

4 of congruence is obtained. The, secon,d factor of BT is also matched vi/ith t}ie

secondéactor of Bg. w1th the second highest degree of cong‘r'uence holding the - .

L'y ) -

orthogonahty to the preCeding factors, and so forth until a significant degree of

»

congruénce can not be obtained any more. Gene rally, the ndmber of congruent

. ! = s * o ' =
factors are less than the number of either factors of AT or of‘AS.‘ Non~

congruent faltors are considered as factors accounting for only one. of the factor
e

v
L3

a " matrices A;r and AS . ¢ : . - f; é‘
. Now, let us consider two orthonormal matrices FT and FS such that
., . ) y ' |
F.':['FT =»ImT, F'SFS = Ims, as seen in equation (14). As FT and .FS are,conn g
. s‘idered'to be normalized factor matrices of A,i‘ and Ag "re spectively, over

. . . L. ’ . . \
N [ - . . "

each column,- the coefficient of congfuence between two factor matrices AT and '
A B - o ‘ {
Ag defined in (35) is simply'gi;ven§by o .

, ' H

Ts = FrFg - _ (38) .
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: Suppose that FT is trdnsformed, post-multiplying by a unit m_ ~vector - ’
L ' - . ) Py . o . ," .
v, (v, " v = 1), and F_ is also postrmultiplied by a unit Jmg-vector
S S oS :
); (v vy = 1). The coefficient of congruence between the transfofmed vectors -
S S N S - “ o~ X - , -
Fov 1 a’nd Fsvlw is given by . S o e
T .:is Lo . v ’ ~
« SR h ) & (Fgv) V(Fgvi) o (39) - -
) i“\:‘{ . “‘ o ‘ : y lTls . T lT ‘S ls , .,r
N ..'}{ e " . ~ X N . . - \ )
1 ’ »"“;{”:n. ) ¢ ’ v L. ' H .
since N - ,‘(FTVI )-(}? Vl ) = ’ " S (‘.10) ol 2
. ‘ o’ - ; Ay
N and , . -y o (FSVIS) (FSVIS) =1 e (41)

.o « - -
. - ’

The maximiz’ation of h1 1 by choosing adequate we1ght/°vect0rs v

TS . 1T. e ‘
. and vy under the conditions (40) and (41) is well-known problem of canom.cal" w
- -8 ! " v~ « - P
.. analysis -(e.’g., Anderson, 1958). cre 4 . ° . N
.- + We maydefine: , r o e T . >

T"S-

- 1 ) ! o _ __1 : Y ’ - .
Jo=hy "TZ_)\{.ETvlT)(FTvlT)- 1} 'Z'”{(FSVIS)(“‘FSVlS) 1}

-
-
-

- =- V’ (F’ F .)/V ‘. l);(;’ lV - 1) : l}j (V’o v (\'-1) (42)‘ ’ &
. ST TS T Y T T 2R g 2) o
- o > . C Y 4
where X and p are Lagrange.-multipliers. . . ¥ 4 .
. . - “ y, -
Differentiating (42) with respect to i and A and setting the derivative's equal ‘
‘e N ¢ T i S - . . } . —
to zero, ° i . e . . 3
N ) I ) -t . . e, < . . .
07 . (FILEJ)v, =-av, =20, = y . - (43) 7 Q’E‘ ,
R A PR P | A
» « . Q -
- J/-"’ ’ . .
. __3_ (F S)’ LA . . (49 . PR
avl T . °5 e, 0 [ ‘
S - f { . . ‘ ‘L/? . ";:3;' A e . .
" ”» . + .
« , .. . . .
Pre-multiplying (43) by v'1 s and rfoticing that v 1 : - by i A
. . T ’ . T T
C(Fovy )(Fev = 0 o Y
HEpvy V(Egvy ) - =0 . L (49)
. T S . = . 7] K . »
Pre -multiplying” (44) by v'1 and noticing that v’ =1, . ’

S e 15 15 L. ,




wn
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o]
0
/]
fo—
)
<
A—
1
—4
)
H
<
p—
by
wn
<
p—
——
N
2
T

3 v ¢ ’
- . B R P S o e Cot N
.th%\ e T L= o (48). ' . S
* e _‘ . ) ‘ i ‘ . ’ . Coo
Multiplying (43) by iy - : - -
= (FEF ) \ ;/' - A2y =0 . - ' o (49) > Y
S s s ir o

‘

By (48), {44) y}ela? § o — B T y
g AV ' )

R I . . \' s . . . . & - ,’
. (F S) T l"s o - - :(50).

Substltut;ng {50) mto (49), . : 2,

-
) )

; ’ s"F <F\s) i’“" LEO T (s1) BB
: . ’ . -Nr "I oL
.~,; ‘0 "h.: . i i ) E : ) X

Gry' = (FYFgHF] S) RO _ :.”""(9:2‘).4 o

.- (GTT )\I)v _0." v, 53

C ) /- T l .- ) » ., i ° :;l
’ T i . . : §

Mult1p1y1ng (44) by p. and replacing p. by 1 SR : - e

T.;ﬁs)' v -‘x9vl~=o... = ‘.o,.“ ,(54).' .

» * ’ - » !
. . ; 3 A - &
. N PR X ) s )
If we let ) o ol .. N . .
v ' . ‘ V] o - -
. R G - F , LA -~ . 6 . <
< . ( rr .SI Fs) ; R N . , i (5 ) . A
- . L .
? 2 :‘ ) -, * S ” ' ' "
(@hields L . K
. ..-‘ . .',-' ) -. .. :‘ :‘ - .
: (Geg = MRIWY S0, T e e T "(57) i
: » ! SS - ) ls, * - O ' B
A “? To find non-zero _vectoxjs\ﬁ sa.tlsfymg equatipn (53) is an ordmary latent
+ . ‘ ) : - . T
root problem; or 're often talled an ‘\elgenva.lue problem ', and A2 iga .
' ‘. . é . . N . . - he H \ e
N L3 4 > N . -~
-~ . + . 5‘7 bl . - N
- ” a ,. . ' h— -
' - ! ’ 'Q-L P4 o - ‘ [
- - f ! 1‘ M " ’ ’ & *



| SR o % . ' N ‘
« ) N N - ® - .-
. . : . . .

LT e 5 S
> e - -~ S .25

h 2 (W]

pos{ti;fe latent root of: GTT' Simiiar relations hold in Neqilat.ion (57). ™2 is

L . . N
: ’ . also.‘a::positi.ve latent root &f E:'SS and vl:9 |i§ a non'-zero vector associated N
| :“,with' "X2. The condition that the"equatio,n' (53) ‘a . 7) have ndn-trivial solu= ' .
tiem+s that A2 is a root of the characteristic equations. . A )
- ) . . s ) - o ,\/ e - o [N Y
lG,l;i-m[: , | , SR 1)

’A!'.l

%nd"%‘ [G -x1| “,.’.. L, (59) .

: If the rank of| G 1s r, so is the rank of . GSS’ and (58) and (59)' have the same-
~N R € . 4 % ‘
ne- r dlstlnc't p051t1ve latent roots unkess they are spec1a1 case. Let \21, N2, ioe,
> :(0‘ . ¥ . . ' 2 SN’
. 'vv’ 2, — . . ey 2 . X2 - > )\,.2
I R be dlstlnct posltn./e 1 tentioqts of GTT’ 's’uch fhaj A 2 > S e e M2, and
. 1’ vi ,, , +e+s v_ be noh-zero latent vectors as| ociated with these foots
! T rT . : <
respectlvely The dlstlnct p051t1ve lat‘bnt roﬁts of re also given by 2, '
. . B ¥ A . L . . . s r
L A2, . )\2\ and .Iet V. s V. s +«e.; V. be non-Zere ent vettots associated "
[ 2 . ls ZS N +%s L . . o,
; P e S - ¥
' . with these roots- o£ GS respectively > . o .V ?
O L %% " * N . .
s - If we take the first largest root‘ )».2]: .and t'he assaciated vectors i \{or. T o
PRRY ;: - - § ‘*ha. Y % > +
"G T a'ndx v, for\ , " the-coefficient o%ongruence between F vc, a‘h Esv»
. 7 , ls R SS "_ .@_ 1
. c' - M v . .
wdefined by (39) is ma>§1m1zed. et . . Lt
ly oy , . ' ! ot . y
‘h =’(F v ) (Favy ). - o7 SV S " - \
. - 1;1:?‘5 f lT . S ls - - T | " . e
. ® ’ . - : LY DI
. [ PR », Y 'yt ‘,4 . . oo
. s "= wh FLELv t~% S e Y (60) ~ 4% ..
e TR T O
. - r ' ’ e /
. Sinc€ FEF_ v, = N v, #by (43) and v/, v, ‘=1, ~+ 6 c e
- . ."I‘ “S ls R 'r \1 lT . i ) ]‘.T ‘lT'. . . . . . " LN L . .'-
L = * i%. ‘a ' N . ‘ . s
. MW . \d [ . , . 2 Y 1 . .
- ° v . ~ ‘ - 4 .-
g - . , = - e . > .
W4 1Tl‘s Moo IR e
- '.‘ N “" *; / . "‘. " LA i . ‘. . ) - - . “ ': N ¢ °
" If-we™ake. the Secﬁd—irge's(troot N2 and the ‘associated vectoys v, .for
. . ) - ' & 4 T M )
> ' C N roo
. “Q,_TT and v for, ?S’ the. coeff1c1ent of congruence between T.Y‘Z,ri- and .
LU FQV, s gwen by sn’hllar procedure to (61) e, 7 - e o ’ .
.aS ~ZS . H ) R X .
L . h =N, - (> o), . (62) .




N - *
- N - - . o N .
; lc‘?‘:.' | . M . . ’ . - ! . '
. ;%;, ' ‘: ) . . s 5 - i i . ) .
and it is maximuntin the residudl space définedby -,
e - = - (FTFS)Q (FTV]. )(FSV]. ) v : * L
= . R M . T S B ! ’ -
, Furthermore, it is known’that ' _*_'.‘ ‘ i K
, . o s \(’ v . =0 . , ‘.“ "; ) 63
. 'v - ¥ lT’ ZS ! o ; ( L
? ‘ 0 2. ’ ; ; ' . (6
. v, V = ' ‘ - . (64
» . S ZT i-s . \», .- \i . )
. N s - f - . p
and - S h = h =0 . .- (65)
br2g N 2pls 0 T o
‘ Yoy """ ) . : S
(See Harman, 1960; Horst, 1963). This procedure cgn be co®inued until the
. L} R B s -
. Ce - ¢ v
vectors v .- and v_ associated with A_ are extracted. .
rT ‘. r@S “a , st T { ) -
. For simplicity, if we defife an r X r diagonal matrix ‘
. T - v
- \ . ’ — . oo —
» v | . A -
i {\1 . c, ‘ .
- b - )' N P 3 -
T ot . . . F
. . . ~ . N \ \ -
. ¢ ) . :’ v, ] . 1’ N
L : A = Lot - " (66)
= 7 . * . ) ’(4
- 4 », A ) 0. ﬁ
¢ ‘ » . )\_ -
4 . — » A ) r
: R - - g ® - - .
. and an m,. X r matrix made\T column vectors Vi s Vo s eees V. o °
T. 1 2 T
c. n o - . Ty T T
':‘ N fi s . v | [ c ]«-. ! ) (67) !
. L ‘@ = Ve v e % o Vy - ’ ' h
o T bt 27 ¢ 'r ’
“e'quation (83) is expressed ina form \ . ¢ s
- : . N . . 1)
) S 2 .' . " .
. . . GT,IA VTA -~ - (68l ]
b 2 . . RTY _ . - ) ‘
Womi e e
by the p‘fcff}exl'ty of latent vectors. Simil@.rly, we can define an/ mg X r mafrix.
o : ‘ 4 e i )
o o‘cblumn.vécfors Vi Vo oeees \rr , ‘ . .. '
~ s % s
r‘ a K . . . R 3 VS = [\',1 JZ e Vr' ]* . ’ (70)
- 9 t  —— S S S '

dn{ler to sksfy equations (43) and 44), it will sometimes be’ necessary( to
‘ F
@!d_)ust the directions of the column vector’s of AY T and VS A ‘

~
* .

’ " - 4 8 .
. “
=

L4 . 3F » '

‘ f(ﬂ“' be




Eqdation (57) is expreséerd in.a form o o

. Y
f Ggg A% = VGAZ ‘ e
. ‘ ' LT, - B ) ]
whe::e “ VSV_S"F ‘I? ‘- ‘ S - (72). ‘ v

These A2 VT and VS can be obtained by ordinary principal component x:;;;;,ethodr

for GT and GSS (Hotelhng, 1933, Harman, 1960)," «_. " ¢ ,
By the waY:@as seen 1n the equa‘tlon,s (43), (44), and (48),: ' ;b ' .
(F S)v = v Ag , Yo Lo (73)
~, / . . L .
- . - / . .
" and (F/ S) Ve = VoA . . _ (74)

These equations, could ‘be used for solv1ng the one.set of vectors when the other

1
-
o A

" set of vectors is given. For instgnce,

"'l [ N [ ’ y '
(&.FS)VS?\ (75) L
when Vg is glven, and 6\" ‘_ £ oo L < .
- S 2 o e @ S ' : ~
| A L I (76
wHen V’ is gwen. Since the VT' tan be obta1néd by solvmg the latent vectors .
=, ,‘ff ai! -
of GI,I‘.“ and the VS can'be 1ndependent1y obtaméd by saglv1ng the latent vectors
2 \'; ” ”

of Ggg, the equations (7:) and (76) can be used foru%heckln% computatmno

* Thus, by the transfqrmatmns of £ by ,q;nd F %y VS » We Gan define
ﬂ . N ”

new factor matyrices B and B i whzch“the fxrz.t factor of B is maxlxpal
!’

matched with the first factor 6f BS’ ,,the sgc.ond factor qf B 1s ne‘iq max1mal
T

matched w1th the second factor of é hold@n'g t}ie orthogonahty to the f1rs§ fac-

tors, and so on, unti} the last at tgé r-th factor of” B is least max1mal ’

[ 9 PR -f

matched w1th the r-th factor of B$ holc‘ﬁng the1r orthogonahty with all other -
v ) k3 '

factors* These new matrices are expﬂess@ﬂ by

. . ‘ e
< -, :°'M\ AL o ) . 4 ’
B 'r'_F V’f""‘* o St wme
and 3., ‘ BS FVg - o, ' (78),
€ . l} . ’ - . \' - )
- - ’?: L ‘ ’ i et
-~ - - e s
’fr;;;ﬁ; . ' ~ ’ ] é\ '9
o X . . e
o T gq - BT
MC‘ ‘:f A L :x=! ‘. == .
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. ' ) . , . .. , ¢
The coefficients”of congruence between factors in different sets are givén by a

! » @ - Al

. ’ : -
matrix - - e . b

ﬁ’ o - !, - - “ -I

DL mpgEgEg AL 19,

' . o . . - '
= whose di-agonal elements indicate the coefficients of congruence between matched

-
.

;,? factors and whose off-diagonal elements indicate the coefficients of congruence

5 /
- g ) . . . . a * ° ‘
. between unmatched factors. . The coefficients of congruence between unmatched
~~— ) . ‘ L . . . )
factors are supposed to be zero within a rounding error. As the diagonals of .
- " > > ’ L ' Lt : = .
. B,'I.BS are arranged in descending order of magnitude, the'last parts of the. ’

. : < - '
diagonals might be small and negligible. Only the first severil factors having

M ) . - - i
large coefficients of congruence, s#y over 0.9, could be considered as ‘con-

E =0 . “ — R
gruent’ factors and the rest as ‘non-congruent’ factors.
- . 3 A )

¢ Ti# cross-praduct of n%atvri'x'B withe-itself is the identity rnatrix, i.e.,

T
”, . . )
= 14 . > ¢ . ;.
. B = . 80
# BB L . _ (80) . |
. Similarly, T : e ) ‘ ' T .3
v ' e . : : .
- : . . .
' . BB, =1 ., o “ - - (81Y e
. , T BS ) r , . . )
. . 1y '," . . l.. ~
Since the ssums of squared coefficients of: B'i‘ over n items are all one; as
X : g . . . : - \
seen in-'equ_é.tion@), the BT is considered as a norrhalized factor cocfficient
s ‘ * : -~ '
matrix for teacher ratings. Similarly, the }%S is a normalized factor coctii- . .
: : . [} " ‘, “o
e .cient matrix for stpdcntssuorus. oThe normalized factor matrices would be
Lo, E .'.‘:-«,u' ) . ) ‘s
convenient.fof the ¢ophparison Bétween two factorial structures with difterent
umits of ‘meaSu{‘cment. . : . ) P
L . . n
By ‘thé ‘way, when A and ‘Ag are already given, as seen in the équdtions
_ ) : ~ . . . - . ¢ e e e m
2 : . . L
(31) and (327, BT and BS could be obtained directly from A'l' and Ag by o
R . N - - . . a° R o . g J
-transformatien matrices TT and TS respectively.. Since . s .
- ] . ’ . N .
L . B
y = , 82
5 o Ap = Frlop , | K (82) .
- . - .
" and ¢ Ag = FoLo ', el. ‘(83) - ;
&= S S7S - : b . ’

by the'definition; $6), then

, A ~ ~ - . ~




s

! .A"_g ’ . .
T S e e . 29
S | —’AT,L--l_' e - \(84)‘
. . = -1 v M - e M . . o
.- and - Fg = Aghgt ™ - }k / (85) o
P e CoE O ’ ‘ ‘ v -
Substituting (84) in {77) an_c}_ {85) in (78). . . DR
- . -1y, . :
i, . Br = Aphy” Var., e , (80 e
= A =1 T —
and Bf = Aghglvg . (87) .
> - . ° > . B
H nc‘ej s . - :
= -1 o n ' ) ) . =
C TpELlgive, o LT . (88). #
. . .
ts — 1 ' i ’ ' ’ sy
afld ) T§ Lg . Vg . . . (89) )
. In the next few paragraphs, the compﬁ’&ational,f;roced@res for determining ' .

factor matrices.B.. and B. will be summarized.

Y ——" 'r— . S ) i . ” - ) .
1 : ' : T , :
Summary Jf the Computational Procedures * K L L

N

v 4
1. Obtain the m.tercorrelatlon matrix RT between i items Judged by,teach—
~

ers and the m’cercorrelatloh matr1x RS hetween ‘the same n ltems performed

By students . ’ e . :
v L .
2.: By the principal comiponent method, find a diagonal matrix L'I: cons

»

. . - . - . . - . . -
© sisting of theé first mp significant latent roots of R and their associated unrt ~
* .
'\.{,ectors Fr where. P',I‘FT . Ir'nT' Slml}az‘ly, fmd the first mg sig'nificant ) . ‘
.~ 1e;.£ent roots .matrix, LS? and the assoc1ated unit vectors F‘S of RS wherc
‘. N * : . -
1 L . # P L0 s - ,
"FlF. = I . . * N : .
S'S = ‘mg . :
— 3 If desued compute AT = FTLT and ?A'S . sLS wh1ch yield pr1nc1pal
components of RT and RS’ «espectively, in H;)teil)ing s-se,nsew o ‘e
. . .- N N ; -
4, D,eterr'nine the positive lateht roots mat;ix A° and th'e unit vectors "V,
- ' .
of GTT ‘defined GT"T . (1: S)(F S) by the principal component.imethod
= 4 ’ - . ¢ . ) , - s o=
B FS) VpAst oo . : .

' 5. Obtam VS (ET

. ¢ £ : - . -
. . . ,’ y’/‘ * . -, . t



3

PN . . . . . . . . . e,
Tago . v . o ' -
N . . - - P 9 7

L
h

, ‘ . - ) é

‘ L o ‘ T30

. ) v J l v .. . . L~ .
6. Using the pArincip'al component method, find the positive latent rqots .

-

matrix A? and the unit vectors ¥ of G reflecting the c f--

S S S)

umn vectors of _Vs if necessary. Check if A? and VS are equal to those found
v .

—- 2 2 7
s~ (FTFS) (FTF

- .

] . * .

in the steps 4 ‘and 5, respectively.. . .
N . - C , . -_'1 . ~ o | . \ . -
, ~ 7» Obtain VT = (FTFS)VS A and cbeck if it is ::aqual}tc’) the Yalug‘s of VT
' found in step 4. , - o . .
. 8. Compute Eh(_e BT = EqxVp and Bg = FS_VS‘ Both B and By give us
the most qontruent factor matrices with corresponding columns. . “
. -~ ,' - \‘;‘ ’ . A} Y
- 9. . Compute I-ITg = BfTBS viljgese elemgnt§ ar.e‘the coefficients Of. congru-
@ ence between two seﬁs of factors. Check if‘(B’TBS)2 is equal to the latent 'root\
' . [ "; ' ; .
‘ matrix A2 OI-GTT Aor GSS) obtained in step 4 (or ste.p“é).
LN ’ . . ’ . . ' .
| . * ' %
C .. )
b ' ) .
. _ ’ 4
L -
- -1 ’
) ¢ - ¢ N .
- v o i ) . - . :(\' y
. N . -_
. ' 3 . / /
) L N P - ®
- - >
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; s T . CHAPTEMHMII - . y C
... THE COLLECTION OF DATA o C Y
Y ‘ ’ res i o ot e
‘.t * ? ) " » o7 . " ’ .r-
. .‘ " 1. The Construction of AcPievement Tests v . .
v - . N ‘
P o . . N M )

Our work started on the construction of test booklets for, students whic hWeze

based on the first five cﬁabte-?i; of ‘High School Mathematics,} Course 1 by

’ M.. Beb'erm\an a}“nd H. E. Vaughan (1964), ° S ?' ' . ’
. ” ' The contedts of the fir;t‘ five‘ch-apte‘ré.of the teﬁt are as ‘fo}iowsi .
- Cha’pter 1 Numerals 7 : .‘ . ] .
) | tbapter 2 Real Numbe.rs "o ¢ A . o
] }Chapter 3 f’réperties of .tne. R";al I\{umbers ‘ .. i
- : “‘Chapter 4’ The Languagt of Al_g’e;ra- ‘
s ! s < . 1) X .
, ,:";., Chapterc 5, Operations, _and\}nverses o - B
i F-c‘)'rty—;nree p;:rc‘ent of the total pages of the'te&t‘z}re in t‘l}g fiz;s;'five cl:lap- ‘
ters, and these cha;;tgzrs are pre’skx;nably to be studied ;x/ithin the first sem‘gz‘fez:,
even in-the slowest class. S v ’

+ N . Y . N -

] - "- ’ . A
D‘etgrminiqg the format of the tests posed a problem. As our’purpose is to
».find a factorial structure of a set of tests having different contents, “intercorrela-

-

tion coefficients between these tests have to be computed.” To obtain reliable. .

. ’
-~

. correlation coefficients, however, it would be desirable that each &st, in the

.
-

général sense, has an interval scale whose scores distribute in several ordered
. - . .
categories rather than in the two altérnatives. of right or wrong answers. A¢ the

’ . . - . 3
same time, we want to-prepare different kinds'of tests in great variety o that \
- . . s . . ) . ) —
i ] . . . '

fio important contents are exclided from the given set of tests. It i's a kind of

-

dilerhma to requiré both that long reliable tests and that many kinds of tests are

- P ] - @
0 i_go be given at.the same time within a class heour. . ’ o '
’ y > . ¢ B ) 4 -
k]
s . 3.1 - -~ £
. £ - ! * -
. ‘ .
’ <
. . .
¢ A 4’\? .

LR ‘. s , . -
a\ N . _ ’ - ! - * ‘Wq N T ”
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~~ ¥ As it was estimated that nearly a hundred short questions Could be answeréd

within an hour Ghss per1od two test booklets were constructed, des:.gned to »-

*

. solve this d11em a The first booklet, wh1ch will be called Test I hereafter,

~ -

has tWenty -five items all but two of which have four sub 1temsk Test I covers

the contents of the first three chapters of the text. As indicated earlier, these .

- . - ° , A

groups of sub-items were treated as units, i.e., as the items for teacher judg-

N

¢ o

‘ment and as short tests of student achlevement They are hereafter referred to

B - =

as items — the items of the two test booklets. 'The second booklet, which will be
é ’ -
called Test II hereafter, has twenty-nine items covering the contents of Chapters
. o ; )
Four and F:.ive of the text. Each of these items also has four sub-items except

~
b

., one which is a theorem-proof type of problem.. The sub-items within each item
- -~ s - ° .

~are similar to each other in content and controlled by the same instruction. It is

as®®med that the sub-items of each item m'éasure the, same ability, and the ait-

ferences among them depend ndt upon the k'lnds of content but upon the degrees of

. . ' g -
d1ff1c ulty St - .
i

. ' Special rules were adppted for scoring the e,xceptional'items.‘ Items' No. &

-
4 .

and No. 6 of Test I were simply. scored right-or-wrong, because these items

/r?eede;d_more space for presentation, and there was some difficulty in making

3

~ -

four questions'of the same kind as well. So'as to ¢gonform to the other items in

- » - - ® ’ . “ -
scoring, a‘credit of four was given for a correct answer and no credit for an

incorrect answer to these questions. Item.No. 29 of Test II was also a single

. . < L 1 .
R ' . ~ 7 . s ¢ . .

question having no sub-items, but the task was tg prove a theorem by a step-

LS \ ,
by-step deduction," and the students’ work was graded from zero to four,

- )

’.J . - . - E ) : .
' Th1s idea would naturally lead us to the concept of radex theory developed
by L. Guttman-(1954) by which sub-items within the same item are.fo con-
stitute a simplex structure. Thke itetns here, -hQ\__e\er, were ‘not actually ex-

amined from this point of v1ew - . ‘

~ ~

3

s * -
. L

iy
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All the rest of the items have four sub-items, fo each of which a score of

’
~

one was given if the answer was correct and zero if the answer was incorrect. ’

~ i

-

Consequently the scores on each item were distributed over the range from zero

tb four and the resulting scale was treated as if it were an interval scale. Some-

- . ’,

one might say that the, range of the scale is still too narrow for computing a

-7 ' -

product-moment c%rrelation coefficient, but we preferred to c.ollect many kinds
_ﬁi— .

-

of these very.short tests (items) to having longer'but fewer tests. There is one .

ractical advantage when the maximum score of each item is four. When the -
P ge whe ’
Al .
e . . : . . .
ain score of post-test from pre-test is computed, the maximum gain score will
gain sg p p p g
“ Se positive four and.the 'minimum negative four. By«adding a constant value of
- S .
four< to ev ery gain score, the range can be changed to from zero to eight without

'
«

3 . . I3 . = . . ° ' 3
changing the variance and correlation coefficients, and it is punchable in one

N a

.

column of an IBM card‘ 4 4 W o . T i

>

. The items giten in the, two test booklets™re shown in Appendices C and D.
I
For convenience, to refer to an.tem of Test II in later discussion, one of the
. ‘consecutive’integers from 26 through %4 will be used as shown in parenthesis

?
1

by the original item number$ of Test II. In Test I the item numbers from 1 to
“ ’ . . .
25 will be used, to refer to the items. , c

4 .

.

Data on' more items were originally collected, especially for Test I, for
. Co ) " ' £ “,
experimental testing, because the pre-test at the start of instruction of the
L. . T .

. course was the first such experience for us, and we.could not figure out in-ad-
- . _ B ji . N B

vance how students would react to such testing. F,rom the experience of .ex-

- .
.

.’

perimental testing with three classes.at Arlington Heights High School, ngar R

k]

« ‘ . K
Lhicaga, both the to\o-eas°y items and the time-consuming items were deleted,

and the number of items was reduced to 25 so that most studefits could try every -
. ‘- - . . .y ¢

. item within a class hour exen on the pre-test administration. This was par-
o'. -« . ) '

ticularly¥necessary in order that.the intercorrelations between items located

»

o " - - 1T ' . . o
CRIC ' o) -

-
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near the end of the booklet wguld be mearﬁngfuld. Items in Test I in Appendix C

and Test I in Ap'pendix D are the items finally used.

’ - . ) P . : - .
For both Test I and II, some items contain sub-items of the multiple-
. - , ’ -
choice type,.some contain completion type items requiring a simple numerical
A 4 : l‘

5 computation, and some reEuire that students have a logically written solution ¢

; like the proof of a theorem. To increase the'variety of items, some of the sub--

-
-

items are the same as questions in the text except for the given numerical values

. . while others are-less closely related to the examples in the text, although the ~.

-

given objectives ave the same. Some of the sub-items are not given in the text

"at all or are based on material givenin later chapters.
e ” * ’ .. — < .
In Tables 1, 2, and 3, the items are classified with réspect to (1) the form

of answer required of the s‘ients, (2) the abilities required to answer’ the ques-
> - - - .
tions, “dnd (3) the degree.of relevance of the content to the text. In Table 1, &
c . . ) . 7 ) §
the answer fozjms are classifi_ed into three categories, (A) multiple-choice form,
. Y

) cdmpleuon form.with simple numetical values or algebralc varlables for L\

answer§ and (C) c,pmpletion form with §ome written work, In ’I‘able 2 the
. - L] .

. items are classified according to whether $heir questivo’:ls are based on (A)

o L7

student's _uﬁde‘rstanding of basic Ymathematical‘concepts, {B) the student's com-

putational skill, or (C) the stude&'s ability to apply basic mathematical,prip-

a

ciples. In Table 3, the itemi are classified into three cate‘goi'_ies. If the ques-

tiOns,ar(the same as or a slightly modifiéd form of a question Seen in the text,

" they are clas sified as A. If the C:_Qritﬂent of the questions is bas«ed on the text

- —

x

* but some ability of trafsfer from the text is required, the item is classified as

B. If the content of the questions is not.treated in the given ci’lapters or ivrel-

. .
’ ‘ > v

evant to the text, the ifem is ciﬁés‘if_g:_ias_& . Briefly, the items of Type A

[

.

. contain questhzls closely related to the text the items of Type B contdin gues-

- 7 - >

“
tions moderately related to the texts and those of Type C have questions least

) | ) .
related to the text. . - . . R \ .

: i ' ’ § :
- E .
B . . =




The items in the two tests were based, in parf, on a file of test items which
the, UICSM Mathematics Proj’ec't had developed as achievement measures for its
< r.) *

first course. Some modifications %e;e made to conform to changes in the
. 3 . . . oA

latesf revision-of the text. Some new items were created fo cover moré adg-
' ’ ’ . R -
quately the chapters in the text. In this process, consultations were held with

. the project director and several other .staff members. However, some items

> £y

14 . . s
.were included which did ipt fit the text well in order to allow more ‘c’)pportunity

for teachers to disapprove items. The classifications described éiE)ove were
. ,.

. ’

made by comparing the.items with the examples and exercises in tb? text? >
» ~ — - ) . ) .
Although :they were done subjectively by the author, they were made only after a

- considerable ambunt of detailed discussion of them with staff members and

i

experienced UICSM teachers. . . . N 3
: . o
el
* . ‘e - : ‘ .
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' . .« . TABLE-.}
- : ,
. . ' ‘Classification of Items with Respect to "’ . 0
L . ’ , Answer Forms - : .- .
. ) . ‘ . . .
N B Frequencies Item Numbers

. A: Multiple-choice 26 1, 5, o1 12, 15, ‘la, . 19, 20, 21,

, o ’;, 24, 25, 26, 28, 32, 35, 3o, .

. - . / e 41, 42, 43, 44, 45, 4b, 49, 50
. B ‘., ) . ~e . .

-

~ - L " -

B: Filling with Numerals 17 2, 3,'4, 7. 8, 10, 11,-13, 14, .
' or Algebraic Variables 17, 18, 27, 38, 39, 51, 52..53

. C: Written Work s, 1L . 9,22, 23, 29, 30, 31; -

. 54
l’
L 4
» "‘ r
< - - T
: ; -
L ’ ke .
= "_'
, - . . .o . )
, LT TABLE 2 g o -
’ Classification of 1tems<\;/ith Respec't to L,
tRequired'Abilitie,s' . . o o R
) . - Frequencies - . " Item Numbers -
-, A; Understanding of 19. 1, 2, 11715, 19, 20,.21,-22, 24, 25,
Basi¢ Concepts ; 39. 40, 41, 42, 43, .44, 45, 46, 48 Lo
B: Computational ' 16 -3, 4, 7, 8, 9,10, 13, 14, -
. Skill ° K 17,.18, - 26, 27; 31, 32, 33; 34,
. [ . S . ’ . ) N .
. 'C: Ability of Application of 19 5, 6, 12, 16, 23, 28, 29, 30, 35, 3b.
. Basic Concepts o t..37, 38, 47, 49, 50, 51, 52, 53, 54
> . . T — . N '\ % . & .
- - B . ' . N po— . ) .

» had N
. .
7 .
] = - N v
e ' -
‘ > % + » ’ v
, ‘ . . 4y
- o - 4 .
- ‘ , : .
SR
- J - : . v
- 2, .. 7 ¥ N
> - - .
s « M . ’ . -
- » < . s
e
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TABLE 3

-~ Lo
Frequencies

-

- Classification of Items with R’espect to -
the-Degree of Relevance to the Texj

’

Item Numrbens

- >

Closely Related

Moderé.téfy‘
Related

-

Least Related

. 36,

12,
43,

.

13,
20,

4, 1,
39, 40,

-

16, 24,

44, 45,

°

14, 15,
21, 25;

8, 1L, -22,

41, 42, 4o,

s

27;-.29, 30,
49, 50, 51,

17,
34




1

v

°

.’\>j ‘..h N

¥

.

‘e

“« in Pekz_rl, Ilhncn_s

They.were 9th. grade students.

3

%

[

/

-~

=
[y

v

. . *

g

LA 4 -
, Test 1 was a‘dmlnlstered as a_pre—test on September 11,

©

v b

-’

. .t.hree daﬁ aftefr the new semester stafted.

Test I was also administered as»a

-

“

&

text gl.gh School Mathematlcs Course l m the Peki; Commumty l—hg.h ‘School
t Y

1964, within

’ i 4 . ) - . . : .
e students ?hg w,ere'using the new

post tést on O%tobe,r 1’5 w1th1n a few ays after 1nstruct~ron in the first three

day after Test I \bﬁgwen& Test

’

when mstructlon in Chapters Four and Five was fnﬁshed in gst classes, The
<y \e

D,
testlng t1me was 31xty m1nute§‘ for each admlnlstration us1ng an ordlnary class
- .

[8RY

”

cha.pter s was fnh shed

Iest

B

II

’

’

»

’

®

E-4

' %

»

»

3

e-tést was gwen on October 16,

¢ . 37
a " e
¢
B
’;ﬁi%:’t:;_
4
the next

-II «ﬁ-s a ‘post'-te's!. WaS‘ giVe% Decembern 21,

’

cam
The diregtégns to the students at the pre- t@stlng time on both, Tests I and

.

v

3
H

-

P

L3
L4

‘.:(-.

I'A"",

=

o

)

l

Thlsl test contams a number of questions on mathematics .
: ,designed.to .determlne what# ou may already know-of some toplc's

i

L]

PR

Theérefor

-

=

£5

.you canBften guess

IS

el

\
Thls test‘w;ll bPused.a‘,Q fmd out what connections you

can see l)etween wha!“you have studjed earlier and what yoau

N

;},\4

some aflthe problems, do not worfgy.

' are about to $tudy. gHowever, if you can find no way to solve

You are riot expected
e i’amlllar with gll of thé questions af‘hd‘ this test will not

A

- \‘
M -

k

td‘a“wer each questlon so that
J When you ni¢et a difficult ques-~ -

tiorf¥ifnd donr't teally‘know the correct anSwer, guess at it,

‘s.
of

o . ‘. |
N °~‘--hour2 ‘
- . .y Ay ® L
L ‘- hl @ &} s P .
! ° £ - ; N
g II were as follb_yys R
- “3 ou are goin to stud
Y,., g g Y
% Most oY .tHe
‘iﬁ ";ihave studled
what the' a,nswerg is,
.‘;'.’ ° . N .wr;tten rhay be new to you
_ ., » PN o
) ety
RS
N SR
) o » af ect your gradé 4
. . .": « . . 3
. . e T'ryfas harcl as pé“ssible-
. you wbll thave a l’u,gh score.
. L3 @
~ and you ay be r1g{1t
L = : |
3 N »
d VR - 1o Spend

1

~

gﬁ" not be wise isinge the total time allOWed is lxmlted ~Jou- W1ll

'...'4!-

“<hawve until the en.d of the cla-ss hour to work on, the test,

%.,.,.

4

.7"

ny‘qlnut.e,s in answerlng one questlon would

wy&r’ch‘the problenmi is

-

-
3
H

i

problems m this test afe clgsely related to what
Rrevious
although the way in

- .

—aha

§

3

-




4

ey . - . \ .
L ’ s . h » - roe e ” N
S - .. oi . . - . L ..

e

w@ On some questlons you will have to write iffyour a.nswer A
1 .

le on other que sgons you will have to circle the correctgne
¢ P

*

"y . of several choices. I ) . ; —
. :.p‘ . -(; ‘ |
S - Read 'careful}z the, du'ectmns for ea.ch gues' tion, .. s L

@
t4

!ou may ,do.scratch work r1ght on the pages of the test .

[3 - '
. -

s -

- , - If you have done all the problems and st1H have t1me, you . _o e
o - ma.y reread the quest1ons and check your answers again or you”® - rE e
s rrla.zr do’ather ‘work that daes notgsturbgother peoplg Vo A
g - ' 1 e . .
. - . s . .
° - C e If u have questions wh11e you are workmg, raise your . .
. and.g . . ‘e N
- . § o . ' | . v {
P The fi~r’$‘§ few paragraphs r aadia‘t the,_‘pre-testin'g time were unnecessary at
- - - L L. I
. 4 ¢ ! -
the post-tes,ting time and the directions Were’ simply: - .
N . & ) -, . . . v - -
) " This test contains a number of guestions on mathematics . .
v .you have studied. Try'as ohard as possible to answer each ques— .
N tion so that you wilg have a High score. When you meet a d1ff1cult '
' . question and you dong yreally know the correct answer, you.may .
L guess atit. This té ; will not affect your grade. . ’l‘o Spend many .
m1nutes in a.nswer1ng one)bgue stion would not bg. wise. - - '
. e W .‘ ' ‘ ey
The rest ?he directions were fie same: as t}}ose a.t the pre-test administration.
~ ' ) . . .'2 v 3 -~ = '
. JAs me tioned _earlier, however, the origina.l eXperimenta.l booklets ha.ving .
. . . > '1 Q_ . '
] approximately Mce as many 1t'ems a.s Test I were given to the students éf
' A\..:hngton He1ghts H1gh School. The @ame booklets wexre used for the i?e i H1gh
%v School students at the f1rst pre test a.dmn’nstra.tmg A~Specia1 directidl was

ggven th&{ to cross out the ;tems which we’re nét s;ippc\séd to be w0rked For
| tu, N

3 no speC1a.1 dzrectlonawa.s pecessary o . .

’13

the r@t;of the tes

s - : ¢ - . i
&xcluehng the students who wére absent on- a.ny of the fou.r test da.ys ‘the, total

. ¢ ‘

;l
Ve " numbe; of sfude —s tésted was -.154. : The%n,umber of classes was six, a,nd,four
o I, v ’ 1 - L i
, St a.chers were tea.chmg these cla.s ses, since two claoses out’ of six were ta.ught
i By H /‘- 5\ - - 1= : ﬁ"{—: - f' )
, ‘é_;by‘*the same teacher. The avelage registered class .size was app%ely. )
N N N i " - N X v i [ ~
) :
§

o t}lil‘t}’.- "i\' i L . 4 Q -3
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3: The LConstruction of a Questionnaire

. for Teachers

°
- . »
e s i . s A

- . > . N ) 4 Y ’ Tw . \ -
Our second task was to make-a questionnaire-asking the teaghers who were

.. - » e .
v v, - . .

teaching the new text to judge the suitability of thé items in the two.tests for use. -

"in achievement tests intheir own classes. After trying several forms in personal

*.. . - , . . . . . . )
interviews, the questionnaire shown in Appendix B was constructed. In this

2
-

questionnaire the® 1nstructions to the teachers concerned with Test I is as shown.

rd v N

The .instruction concerned with 'I;est II was the sam xcept that the unde?lmed .
' - : k # n ’

.

ey

‘words were replaced by the w’cis in parentheses,
- : - ¢ R
. . ) Using the scales beiow, rate all of the items of the en- .
' .closed Test I- I (Test II);- Indicate your rating for each item
. -by plaCing an 'x’ in oneaof the 10 " boxes df the scale corre-
. sponding to the item. ark the box o éach scale which
&~ indicates how»good the item would be, in your,opinion, for
inclusionin a test to be given at the end of the first three
- chapters, (Chapter 4 antl 5) of the new. UICSM text for
, _ course one, P o ;
. ~ . . s . . . ' -
- : - Every: item except sNo. 5 and No. 6 (No. 29) had RO
" four sub-items. You should ignore diffefences between the ' i
T sub-items of a given item and ra;c-sach itemias a whole

4 §
. Lo ” Please, do net omit any items, Q{ .you can de sc‘ribe
the reasons for your rating briefly, do soin the space pro- .
.. 'VideH at,the right of the,ratmg scale: . N
D ’ L ) v ) : '

_The rating scale’ usel has ten points from zero to nine which permits ratings'

i

g to be m%%hed.in one_c‘olpmn of ajn IBM card: Point 0 is specifx,ed as > orthless

. ité%n' Point 2 as an ‘inf'erior' i%em, POll’lt.4 as good Point 6 as sﬁperio;g IR

| and POint 9 is SPECI&d as a. peirfect iterr; / From past experience, wze had
learpedothat feachers*are' likely to ayoid an unfav'f);rable rating to such kJ,nd o} )

« .:%wn, and consequently the d.iistribntionlof SCal;: scores tended to }:k*neg- i “ .

_afively skewed In the pres.ent 5cale, then, thé refereﬁce worda have been
~ - . -
slightly forced to the lovger\level in the range qf the scale giyen so thatjthe aver-
) - ! 3 I
age score would locate near theimiddle qf the scale. (Actually it was 5. 82.)

t
s
~
¥
.,
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In addition.to the rating,scales; some que&tmns ask1ng about past experi-
z . sy £

L ° v . . .-r"

ences concerning~ their, teac'hing‘and about their eéducation were included to

provxde a mpre adec%x_ate descr1pt1on of the sample. TWO Questmns about the

teacher’ s own att1tude towar,d te ch1n UICSM mat.he at1cs and ezerences
] ;‘ g m {5

- v '0 + -
concerning a test cohstruction were also included so as to.be helpful fo;‘the S
. o . ) ) . ’ - [ ' - 4 . . '
interpretation of wsul,t of factor analysis of test items. These questions
% - . - . . . .
are only used for informal ~cbmparison and we;re therefore not intended to -

. .

‘represent an exhaustive or s -stematic medsure of attitudes. However, both of
P X

10 e
r ® ‘ .

them ha“d been tried out by taue to- face admlnlstraubns of an earher version

’ . +

of the’estionnaire to teachers at Arlington Heights High "School. For deta11s

1 .
a
N [}

- e

of thes¥ questions, consult the sample of the questionnaire in Appendix B. .
: - - B 7 - - Es
L YY) - - ;
b . ve o . » : .
. 4 = e . S,
» : a, < . ‘ -
. . . R , )
4. The Sample ofsTeachers -~ ;i- - Y .

! . o 7 o * ‘<\ ‘ - ,\,j *

- Al
. . . . »
H PR .« "

- A N - N
. .

2 : , . .

The questionnéire together with cop‘iés‘of ’I‘fe;sts'__l ‘and iI*'were mailed'to
. a
' & 2

approx1mately two hundred teathers who wereé using the new UICSM text, Course

*

1. These were all the.teachers in the United States who could';.be lotated who were

. - M ) -
using this edition of the text. The number of questionnaires &%étui‘ne_d ir time for
’ : : g - oo Y,

- . . - . ‘ [ Xd 3 - " .
. our analysis was 105.  This sample of teachers came frqm seventy different

H
H I} . v

schools- scattered ih n~ineteen states including four teachers of the Pekin Com-

i

_niunity H1gh School Pekin, Hlinois, whose classes wereﬂ used for the testing of

students ab1I1ty The geograph1cal d1str1but1on of the teachers who cooperat,ed

d ]

in our study is sho in Table 4. For twegy £our school&out of seventy, two

=
or more teachers from each school rephed to thq questlonnau’e, and for the rest

’ L

N >

of the schools one teacher did A ’ o ( »

. voe by ‘ hd .
N:? e e :

The questionnaire was sent and’ collected dur1ng Ja‘nuary through March,
« “N .
1965. Ab the new text was published in Septernber 1964_, the questlonnalre was

, % X ‘; - i ‘}’ : ) : h s I
’ » ) . ~ ;'l'?“f,: § ’:, .

* .o . 4 .,

I

X
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sent sufﬁcwntl “lon af‘terv&a s that most teachers should ha.ve stud1ed the f1rst
Y g

L4

..

five cha’pters of the text. In fact, there was no teacher who i‘eporte,d that hlS

AN - ’

.
. .. - .
. - .
v o > AN ~
R A . -
. P

were women. The distribution of the years .

13

was tompletqd.

- T Forty-fhree teachers out ok
. of experience of teaching mathematics'is shown in Ta'gle 5. Thé most expe-.
T, . - s

« "5

rienced-teacher had taught mawthemati'cs'forf«for’Wy years, FEour two teachers this

[} . ) » . - . :" £
-, was their firstjexperience in teaching' mathematics. - . .
: The first fi\e cha-pters of the- new UICSM text for Course 1 are closely re- .
. lated to the Units F and II of the old versxoin of the UICS‘VI text fbhshedgguth

l H
56ft cov ers. Tabl‘e *6 shows the d1str1but10:n oi the’ years of experlence “of teach- .
S {ng Unjts I and II which s:hoqld be a’good;lndu_atzon of the preparatory ex~ ‘
periénce ‘on the contents of the first uxe Lh;pters of jxe new UICSM text) For -
i b
thirty-se\"en teachers, this was the first e>4per1en\ce ;f teachmg Wlth a UICSM text.

. -

-
- st

As seen in Table 7, twenty-two teachers hhd not taken any co,urse in which the -

< - * [

D ® B .
conterts of the CICSM c~grriculum were stu,hied. Most teachers, however, had,

i v .

o

. I, .
taken one or' two such courses and senen ha'\e taken more than four such courses:

S1xty one teachers acquired this trélmné uit one or mg)re summer mstltut%s on ,

- —
HEE S B

the UICSM curriculum, -’ , 1 P g o .

~
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: : b’ : -TABLE_"4 ST . oo
3 > » R o . - w‘ . o .
T . - Ge graphmal Distribution ‘of the Teachers and Schoolg N
- SR from V\Pnch the Questionnajyes Were: Collected “

Y ° -~ . . - v . .
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. . o 4 . -
o * . -

. " » 2 . - .
e L . Number of . ','Nuimb;'r of + 7, . =
States . ‘ Schools ) Teachers '
. . B : r . . -~ i
. ‘ California | - e 4 L .1
, , + Colorado _— - B -+ 10
. Hawaii - 1 . ’ 1
~. Ilinois . _ 15, =+ o ., 27
. Indiana’ 0 5 ! ' 9
. S .. *

, Kansas, ', - -
. ~Maine W

: Massachusetts

. " Michigan , g

Minnesota
§ Missouri - '
Nebraska S
Lo <Neyada '_ §

¥ . New Mexgico

' . ' Ohio . L

£ - [}

L _— Texas’' - § ’ 30 . ‘ ' o ’
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. ’ DistribBution of~ Years of Experience -’
o .+ . 0f Teaching Mathematics ™ ¥,
. Ll ! e ’ . . ~
[ N . ’ N
Nuggber of, ~, ' « , y .
© Years .. - 0 1-2 3:5 6-10 *11-15 16-20 "' 21-30 31-40 Sum
4 - . ~ . ’ f e o . .. . ‘
_ Number of * v 2, 17 21 32 18 - 4 7 4 105
. Teachérs . L _—
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R . « Distribution of the Years oi Expex:}ence of ,
. Teaching Units I and II of" .
L ae . the UICSNY OldwText, . .
- v \ ¢ % N
* i ©. P-4 -~ . .
Number of v No «- . .
' Years .Experience . 1-2 s 325 6-9 Surd |
. . “ »
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. v - - . RESULT .. o - . .
, 4 * L] . [ Y ,
. ; - M : » *
e N 1. Me-ans and Standard Dev‘zatwns of. Item Data ’ ‘

M .

Means and Standard Deviations of the Student-Scores for Each Item °

TxabLe 8 shows the mean scox:-es and the standard deviatiohs of 154 students -’

4

. ’ for each 1tem. Column 1 1nd1cates the ¢ utive 1tem numbers for Tests I

means on pre-te,st, post-test and

O gain scores, respectively. Columns 5, 6 and 7 indicate the standazd deviations

and II. Columns 2, 3, and 4 indicate t

of plre-’test, post-test, and gain scores, respectively. Since the sc-ir!es of Items *
k. - - : ! .

5 and 6 can only have the values of 4, 1if correct, and 0, if incorrect, the

»
-

standard deviations of these items are relatitfely larger ‘than thosé &f other
‘ ' . >

. he . -~
b} . . ta

‘ itemms. ". . ,@' A e

* Tables 9, 10 and 1} show the frequency distributions of mean scores on

.

a—— r -

. ! . = e ] '

the 54 items for the pre-test, post-test, and the gaxp scores, respectnely The
. . ‘ . < .’ -

item numbers are also shown in these tables s.o_as to indicate wh1ch items wi;e

- H @ (¥ 7
. = R R ¢ R . a . R , .
easy, \&f:hich items were difficult,"and 50 on. 4 R s .

-

’ AS .seen in Table 9, a fairly la%quhber of students correctly ansWe’red .

.

the 1tems given before. the 1nstruct10n began. The mode of the d1str1but10n is
» - . : @ ;
between 1.0 and 2.0, and the average of scores .over all the itemis is 1.79, ,
LY . . . - . ’ .
which means that, on the'average, the students corr’ectly WSWereSd agt 45% .

of the sub-items before they studied the content. Tést I was easier than Test

-

,r L . ! he - . [ . - ~
discouragﬂl students.by giving unfa.miliar ques'tions at the pre—test adfnin- . L
. ¢ H .
- istration. the baszs of the exper1ence with the pre test of Test I, more dif-.
*_ *ficult items were 1ncluded when Test II was made The average of mean pre- .
[ 4

{ .
test'scores’over Test II was 1. 64, and over Test I it was 1.96.



;% . t’\l . - "p! R .‘ 46 \ ~

= v 3 ' ’
=" e W . - ‘ ~ . . ° f‘::—:!‘
R As was expected, the distribution of the mnean scores {rom the post-.tesgﬁ'
L] . B . . .
. . . o . . ' ) . ) . - , : “ R -
v ad@\?\r\a‘nonb is negatively skewed as seenin lable 10, ( The average of post~ =
_tést mean scores over allthe 1items 1s 2. 68, indicating that the students cor-
-, , - . 1 . .

*

a - »~

rectly answered about™67% ot the sub-items,, on the average, after studying. the
- - s . 1 ' . ‘ .
- —_— —" s " ' —
content. The average of mean post-test scores over Test I is 2,81, and over .
1 + » .

° \Test 1T it is 2,57, Students also did better {or Test I than fog -Test II at the

- - s * . ¢ . , ' J -
post-test adm1n1:trat1on -, oo ‘ - . N .

g Looklng, at the gdin irom pre “testt po»t-t( stin Lable 1’{ 47 1tems out of -

3

’

', 54 have mean ga‘lns d1st'r1but<d within a rdn;_,( trom 0. &J to" 1. :>0 'J;‘he averé.g&\

- . < - >

of mean gams is 0.85 over Test I, 0.9-} over [est [I 3nd_0.90 over all‘,the tesi:@,.iiiii

. w
.- . L . . 4

items. Students gained_nore on the harder Tést II than'they did.onTest I,
. Y . v ’ " N ) o
. .Génerally speaking, Test II was a1 hutter instrament than Test I, considering -
o . . . . t.
4 3 : ‘ . . " ¢ '\’ -/ -
the means of the pre-tcst, post-test, ‘and %a.m score's. ' .
A . N . ‘ N .
L4 - -
: .+ The relationships between the three kinds of'mean scores-are show'n in,

. -~ - “e ¢ . . et
Figure 1. The-diagonal lin€¢s indicate the amount of gains. No 1tem‘1§ Tocated

- T - - ¢ .
< - \j ‘_
N

. . - . .
on the lower .rlght-hand sx‘de oL the main dla.g(’)na.l, which means that there is no
4 ° . . : 2 ’ ! , - .
,.item with a gaip in the 'nega.tixc— direction as far-as the mean score is concerned. ’
- - ' » 2

Items 7 and 8 show o'«(ssncly large gams « Item 34 15.toQ advanced to expect
. -

. t

. ,/;nuch gain, 51n§:e eXercises h"icc—.it dg_not oCcur untillla.te,r in the text., Items I1
. N ~ . “"Q . * * &

"and 41 areitoo easy to have much’gain:  Items 12, 17, 27, 40, and 47 ha-ve.

a .}

large ga1ns and3 they are most demra.ble 1tems, if the g,am is taken as.a criterion|

[ Y.

(4

L - H [ .
sl

of a good achievement-tcst rtem. Assumlng the null hyp@tht sip that no gam was j

4
~
. - - - 1 v

Lo : . 3 i ! i
giide in the%opulatlon 1r0{n whicht the sulgec,ts were drawn, the dxstrxbunon of B A\

Tt

d 2] E

e,n the nu r,of Sub_]QCtS is lagg;e, even thuu;,h the d1;>tr1but10n of. the gaxn .

v

scores n it%m in-the populatwn is mot nox"malé(}{ays, "1963, p. 308; Walker

-

e ———— i ot B et

~ ‘ ,
: and L‘eir‘, 1953, p..143). I'he hypothes1s of no gaip 1n tHe populatlon La.nnot be
| ¢ S 4 - e
re_)ected at the 5% levcl of significance for It(ms 6,- 9, 10, 13, and ,} and Y

- - 1
j . . -

f ..\ N \' % ‘ %‘é,

.
Y
Nt e
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at the 1% level for Items Z0 and 'ef:l,:’f)y the two-tailed test (Walkex and Lev,
. i . Lo -~ P \ i
711953, pp..15Llff). All the rest of the items have gains that are signpificantly «

I3

differeht ifom zero at the 19, lucl Examination of the content of items having

. -
‘ :.,, ; TN

large or small galns is mtercsnng and important but it will be. postponed to the

-
. - — _b, - .

next*chapter. ’ ‘ . -,

As for the standard d‘e\‘x}ation of gain scores for each item, it should be"

i .

noticed that there are general tendencies such that, (1) the standar deviations

.- of gain scores are likely to be greater than either those of pre-tést.or of post-
. - : . ° )

, tust scorés, (2) items haxfng extremely high or low means have smal‘ler‘ stand-

- -

ard deviations than'items having means nelr the middle of the possible range of

o . - . 5
~Z . o ) ;. . . . N
score distribution.
. . - ¥ . .
v ; o AT ‘ ,
- ; A . ~
. - - o, - H 3
Means and Standardi{Deviations of the*‘Teacher Ratings for Each Item
N = B 7 i
3
. : . . a, o
. Table_ }2 shows the means and standard devidations of 105 teachers, ratings

A ‘
wiooe ' } .

|

{or the same ftems as given to the students. Ifem numbeFs-in the table corre-
) : . g

i o . v - . .

~pond to the numbers uscd foR student data 1n Table 8, The possible range of

the rating scale 1s '(é;tq 9 and the middle point of the scale is* 4.5, (Se¢e the

.
. . g ‘ -

. . ' ' . NIV IS
sample questionnajre contaiming the rating scales in Appendix” B.) As the mean
. i : S - . i v/

I b

- i .' H - B 3 = . -
ratirgs o?/er all the 1tems 16 5.82, 1t'indicates that teachers are likely to rate

. i '
items tovfiaxjd the faioi'ablc dirvction., . The means of the rd-urfg,b Yy dttcrcd 1n a’
f H
range fram 1.5 to 7,0 as shourg in Table 13, C,onsrdc& ng that the possmle
.,: ‘ i ~ ‘

‘ nrange is deer ior te&gher ratmga than for stud( nt s¢ orca, t‘h;e relatne varia-

3

M‘ ‘ii - “

b1lxty of éhe mgan xaluea of teaahcr ratings gs sfnaller than th¥at of thL student
’ !
' K4 /
. .
NG ‘scores ) r¥ '
. { : -

» In orl%der’to see the mutual relationship between mean valpes of teachcr

{

[

ratmgs aind student scores pmmb having two irean values as, 'Coordinates are -
plétted fér €ach itemj in Figures Z, 3,. dnaﬂf These ﬁgures show r'{','s))ectixely
. . . L

-
0 3

et

LRIC

-

i

N SN N
.
-
-




~

the relationship of means of student pre-tesf, post-test, and gain scores with
7 ' .. ", \ii—i y .- : . v
teacher ratings. In any case, there seems to be no strong relationship between

L]

ssmstudent scores and teacher ratings. If we compute the correlation coefficients

[

they measure

.

P .

-

for these bivariate distributions of mean values, =013 is obtained for the pre-

Q

2 S e s B .-
t;t, 0.03 for the post-test, and 0.22 for the gain scores. ~There is a/very -

) - t . . i . .
slight tendency for correlations to increasesfrom pre-test through post-test to

gain, bBut it s non-gignificant. . ‘ v . . .

Examining details of Figure 4, however, the low correlation coefficient

< . . . i . : .,
must have pee:g.;,.due to a small number of'sp'eqial item’s sugzh as Iterns 7,’8, 17,

. - “ . . ’

2

. S ‘ . . '3 - B 1)
and 18. Items 17 and 18 are rated lowest by.teachers and Items 7 and 8 have

5 s °

ekcessively large gains compared with other items. If we take off'these fbur
4

items as speC1al cases, the correlation coefficient of mean gain scords w1th

mean teacher ‘ratxng increases from 0. 22 to.0. 53. There seem to be no spe-
,l < P . }t'; !

v\ . .

cial"items like these in other pre- and post-test cases. Even if we take off su
£ . . . :

items as 14, 17, and 18 in Figure 2, or such items as 13, 12,” 18, and 34}

. . ‘e ,

in Figure 3, the corré‘lauon,coefﬁcient would not increase as in the case of:fi .

s [ k)

mean gain scq;res It may ormay ‘not be. recogmzed by the teachers themselves,
1 - M }

but it seems,t:hat teachers‘do tend to eval_uate test items \mth respe-ct to hoW. w;ell

] -

- [ . ,

] y
’student 1mproven‘fent through the* coul"se rat}her than the s1mple
} . A

-

ao1l1,ty to ans}ver quegstmns at the pre- and post t/ra.nung;-tages ,HoWever,

this is not a strong tendency»J i T L . !
. ;\ . : . |
Itshould he borne in, mxnd ‘in 1nterpl'et1ng results, t.hat there was no di- % -
H }

4 . Pl

-

)
rect connection betwegn the samples of teachers and students in these analyses

= - -

Z .

N

The sample og teachers represent a w1de«area of th J;U,)ruted Stat,és \?ﬂe ‘the sajm-

0

i
ple of students are from one loc;al thh sclhool 1n Illinois. The studénts in the

sample were' taught by only four teefchera, who.constitute, pnly 4 small part Ofi
- ) %

the total sample of tea,chers Hov»e'» er, it should be worthwhlle look1ng at thw

- - : Ve !
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.ERI!

A

Y

»

A . . . - : 77 «.5‘ b,’
relationship between the mean values of these four teacheTrs’ ratmgs in rela- )
A - o ¢ N
tionship to their stuidents’ performance. The numbers if parehthesecs in Table
. % . . - » ! , g

I

12 indicate theamean values of these teachers’ ratings. If we compute the cor-'
. ’ - , - . . )

- . -

relation coefficient, over 5% 1tems, betwce'n' the mean ratings of these te’échérs )

from Pekin ngh Schoot and the mean ratings of the entire sample, @/?43518

< P

. . IS . .,
obta’ine‘d“. Thus, the meéan ra.tmgs of Pekin High School teachers are positively, :

N
*» .

but not h).ghly, related to the mean ratmgb of the whole graup,of Lcdchers Itéms .

a2’
*

13, 14, 17 and 18 are rated low by both Pekin ;eachers and all the teachérs.

< - .
Items 24 and 45 are rated hlgh for both'Pekm and atl the teachers Iterhs 15,

L ; ‘o

16, 23 and 25 are ratt‘d high, uy the Pekin t(—.achearzs but they arc near the a‘ver—

Al »

age for the total sample. Itcms 33 and 37 are rgted hlgh by the total sample, | ‘
’

( ¢ e

but they are rated slightly lovw:r than average by the Pekin tcachers Items 21
‘ . N > - s | ‘ (e

"and 22 are rated low by the total sample, but they are shghtl,y h1gher than aver-

L . Pt e

age by the Pekin teachers. . . . L -

:, ‘ s : .
5
¢ .
.

¢ y <
It.is important to sq;_Qg)\\ thesc ifems aTe related to student performance.

) ¢ - - .
” -

In general, ‘the correlation coefticients between the mean'ratings for the Pekin  »

High School teachers and their ‘students’ performance are ‘ery low, and no

particular relationship was Lou_?d. lhe cornelatlon=coeff1uénts, over. 54 iteims,
~ s \
X _ ' ] .

v .
of the mean.studenit pre-test, gosi-test and dain séores "with mean rdtmgb of

\ ‘y 3

 Pekin teac’hers:"ia.re, respectiv¢ly, 0,04, 0 '10 and 0 07. : S

As we have just indicated, i 1n the ‘analysis of the rclation'bhip bct\'veen. means
of student gain scores and m(jis of total tcachcr ?rat"j gs, & pomtne rclatlonshlp

3 ; .

. 4 " 2

was found when a few special ifems were taken omt. The pec_txlicerity of these | -1

,much as in,

S .t N I\

Aruitoxt provided by Eic:
.
>

»

C . b 1 ! . ] ’ § \A H ‘. : é§< -
items still holds for the rvldtu?nbhip between the mean student gainsiand the mean
. . : ‘ : A

. . [ -
- s

ratings of Pekin High School tdachers, If these items 7, 8, '17, and 18, are

A _ T : SRV '
taken.o r,gt}hjrrelatlon ro{{yxém increases from 0.07 1o 0.23 but.not as

. ~ “i 7 . . A
xase of the totaal sample of teachers. I;}owe\,z’er, Items i5 and -

- -

<. 2, ° * es

e e M ae coa,
'
K
- e e

= - $~
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. N - ¢ K Sb -o
C - . : oL
16, which are rated high'by Pekin teacheks, but pot by the total sample, had high !
. - v o 2 : " ’ . }
«4=*=" means for studént post-test scores. ,These-items might have been effecfed by = .

-

(4

* S

g Y : . : ’ . ‘e -
i special emphages of Pekin tcachers, However, the gains for these ifems were
s . h

» . , ., -~ .

* not exce;ﬁtionally.large. ! . » . . ' g
» - . o, ) L . ’ , . . ,

v 3 v . . i . R
'—— -Thus, low correlations, in-g&heral, which have beensfound in the analyses
- - * R ° . .

\l';

. .. . . 9 A T N .
between the total teachen ratings and the student pcrforx@'ance seem not to be .
B ., N - N . s
due to the fact that we took dur teacherdample Foni a wide a,rea‘whﬁe taking,
e . - N E
. . , . s . I
. the student sample irom.one particular school. Therefors in the following dis-

~ R 4 «

X . " cussion, we shall consider only the reélationships between the ratings by the,tot-al

-

~ B — s . . - ¢
St group,of teachers and the.student pei‘."ormancc. It is™assumed thdt the Pekijll
. . . . v *
teachers and their students.arc goéa repres‘entatiwes of the total population .
under conside rai;on. ’ o ; -
‘\- It sﬂeems worthwhile to l&)k at the, standard de\iations}?of teacher ratings
onitenrs. A prigh standard deviation indicates that U;e dispersion,of teachers’ B

-

.~
v

. . evaluation$ 1s high and that tne itémsem?Et hatve some controversial point. A

' v . . Y C 4t y

low standard dewviation, on the contrary, indicates a high degrec of ggreement *
3 P ’ . ' “ iy

»between teacher evaluations, Figire 5 shows the relationghip between means

W

* and standaxd déviations of teacher ratings for cach item. [There is a hi h‘ne -
| ratings for gh'neg

[} LS

“ative correlation: between means and standard déviations (-0.80). Items 24,

. ) | ) B . P ¢ 3
) 35, 37_‘a'nad 45 hié\ ¢ higher means and lower standard dcn;zti'onb thanfthe otHer »n,
- - . . r , .

items. It indicates that most teachers rate them as gbod 1Wcms’ with a high de-

. ) DU * } \ '
‘gree of agreemeint. Items 17, 18 and 22, Onthe other hé'n’d, have lower means
) . P . g P
/ and ‘higher stander deviations than the other,tems. Som}- teachers must have
. LI .

- 3

rated them as bia:d items and some must have rated them a‘fs good ones. More
i ; I al

PR i b
{

- - -8 sl o . 0
discussion considering the contents of these items will be postponed to the next
. P
L. . N 7/
/, chapter. . » 0 : :
R
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. Intercorrelations of Student Scores among Test Items ' o . -
. )
Tables I, II and III in Appendix A show the correla’tion coeff1c1ents of ' - o
. . oo . -

]

. s .
students“'%pre-test post-te.st and gain score-s respectively, among the ite’ms.’

»

-

Genprally peaking, the degree of correiatior;s among 1tems is relatively lou{ T
: . ’ ’ ? ‘
in.all three cases. The correlations which are 51gmf1cantly ‘different from §

[

- ~ . N
zero at the 5% level age underlined in the’ tal_>les so as to make it more con-

. . B . ! . ,f
venient to find out which items have relazively high cotrelations with each other’.

‘r" ) [ - : é .
*  Comparing the correlations in the cases of pre-test, post-test, and gdip

.
—_— 5 , ‘ . { . <
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scores, the correlations in the pre-test case are generally lower than those in

. . . - . » -~ ‘

-

the post-test case, as was expected.‘ The correla_tiorisi'of gain score’s, however, _
Y . 7 . '\‘.

tend to be the lowest aof the "three cases. . 0
X - ¥ : Ve ot~

In comparing T'est Ivwith Test II, it is obvious that the correlations among

[N
y—x‘s

TéBtolL»u&mM.ne‘nhkely to be higher thﬁ.n those among Test I items m the post-.

e test case, but thi's tendency i's not evident in the cases of pre-te\st and gain scores.
. - . AN . : ‘ S S ’
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Intercorrelations of Teacher Ratings,among Test Items ' Y »
- n O N . 4

. . o~ K
Table IV in Appendix A shows the correlation coefficients Qxf'teacher R
' . . . . R \ . . L , O y "
¢ ratings on the test items. In general, the degree of cgrrelation among itemns i's

2 & = = v ’
e "larger than in any'of the thre€ cases of student clorr'ela\xions. In this table, the .
. = A ~ ‘ * .

correlations which are non-sightfitantly different from zqLp at the 5% level are

~ . . N - vt . d
u'nderlined inste‘ad of the significant ones. The cor\elatién‘i—eoefﬁcients amung M
~ ;the 1tems W1th1n Test II° tend to be higher than the coefi1c1ents within- Test I% 'gg "

.. i \ ,
The fact that correlati n cOeff1c1ents amb.ng items within Test I ‘are-lower than

’

1

those Wlthln Test 11 indi a.tes that the ‘Similarity of Test-Il items is Yarger than

~“that of T,est‘l' items wit§ respect to the teachers’ x‘at-;ngs. A 51m11ar rela.tion
) . i ' . @ . .
& h - .
has bee‘fxﬂ seen for the ppst'-%st scores of student data: ’I‘hese‘é&e,sults s'suggest

o ) A =
;‘w - % R . N -
® 1 M . =" M v M ’ - ‘e
< = . . .
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* that the items, of. Test I are seen by téachers as thoré closely‘related to the .
LY fm‘% ’- e . )
curriculum in the text than Test 1 i,tems'. In fact, as seen in Table 3, Test I
5 l ; ‘ .
2 . 1tems have been constructed so as to be closér to the text thah Test I items.
. - - ’ : .3 . - . ; . - . ) . . .
v > [ ; ' 4 “I
. » 3. Factor Analys1s of Intercorrelatlons ) ST : =
: S T -
P T . N 2 . . s . .o , <

[y . < B

- Each of t’heﬂéfoo‘r kinds of:intercorre_lation matrices sn‘ow"n in Taples. I, II,

! . .
B . . f . ’

b4 * - . ' . . ‘ N e «
. III, and IV of Appendix A was factor analyzed by the principal component |
» .. ot ’ .- . . ', -. s o . ’ - ’ L
method, with unit variances inserted in the diagonals. Three factors'were ex-
- . - L - : T . > =F ot . . ' . N\ - )
tracted from the'correlation matrix am'ong.pre- test items. Two fa'ctors were

A - .« - - -

extracted 1rom1each of the oorrelation matrlces among post—-‘(e.st 1tems\ and

~ ¢ . .

among the ga1ns. F1nally, fi% factots were extracted from the -correlatlon ’ .

~ ~ . -
. A - /. ' ] <70

matr1x amang beacher rat1ng§ These numbers of faCtors correspond to sharp

.
.

Lo
- breaks.in the paot's of root size xersus root numbcr for the student pre- test

@
. -
3

<

o =

. =3 .

] ‘ ; post-test and teachers’ rating data. qhe,d'cgision for the gains score was moré
e(}gtmca,l. .3 . X . o . . ’ \

4 et s

N ‘ < : . © , .
J Let F,, HZ, ‘F.,, -and F, be nor:malized latent vectors of R., R,, R.,, and

. »

§4, respectﬁe&ly, whete R,, Rﬂ, R, and R, denote the inte‘roqrrelation mat-
y n- ‘ = (R
§ . 2 - - . ~ -
. . races-among n.ems for student pre—!est, -post-test, gains, and teacher ratln_gs, .
»

= . § . '

respeitively.. Let I_,?1 be a diagonal m(atrlx cor\slst‘xng of the nrst three 1arge/st
L . » O . . : . g = ; ? ‘

latent.roots of Ry, Lzz,, and L? be dxagonal matlric ¢s consxsted of the fxrs{ ,F

~ P ‘

-~ .
. two largest latent roots of Rf ‘and Rq, rlrespectivel)’/, and final}y" Lz, bea

1d1agonal matrxx Lonsastlng of The first five largest latengoots of R,.” If we
. - .

. ¢ et Al, A A3 and ,Aq “be the pr1nc1pal factor coefficients for each‘R, ‘they i
i : e , o8 ‘ ] . o < 0. -
* are given by the'equations, A, = F,L,, A, = F_L,, A = FyL,, ~and W

P

27

% N B A

AR A;.' = F,L, and the results are ‘shown.in Tablesrl4  and 15. . - . -

[} M -

, i As can be seen in the bottom row of th‘ese tables, the first Iatent roots for ,

"th'e tea'.(:Aner.ratings(and ti:fe' studerit post-test performance are the largess of all

¥ . \
Al = ‘ * . . * H - -

the latent.roots This implies{that tn'e,fir,st“principaf‘factor of the teacher -

- " s .
. - . - . 5 - - .
- - . " .

E[ lc( f}( R . ‘_ L

}

Avirron providsdby exic N
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‘ . Q_ -
rating-s accounts' for the largest part of the variance in teacher ratings and also .-

[ 4

the first principal:factor of the student post-test perfornmiance accounts for the

largestcpart'.of the variance of‘the studen&post-,test scores on items.‘ther T
= 2

~ ’ .- )
factors are less domi‘barThan these two fac tors The ‘rxiagnitude of the late‘ht

‘Q’ N . - we . . ) s
s+ root, then, indicates the degree of the importance of the factor

The sum of the latent roots, however, is small for any of the student data |
- . oo : :

o with respect to the.total va%riar{ce. The sum of the three“largest latent roots for ’

< »

the student pre- test is 1'0 704" arﬁ it accounts for only 19 8% of the total vari- _

‘ance 'For the Student post-Ttest tne. sum of the first tv!/o largest fatemt roots

. ° is$10 619 and it acCounts for 19.7% of the total xariance.. ‘For the student

[}

£ . gain scores, the sam-is 5. 849 10.8% of’ the’ ¢ota1 .va'rianc'e.' The remainder of

. t ' M . ‘ ~ . -
totalr variance seems to have no particular common factors It is the sum of -
£ L ’ N

the uniquenesses for thé lte‘ which include- urrreliabihty or érror. " These low

G- scommunalities Jmay result from Yhe fact 5hat each item corpelated was compose/Z

‘ t » “ -~ .
of ne more,sthan four sub “items, For t e teacher ratings, howexer the sum;of
.

LN

- h '
the first fiveﬁlarggist. latent roots considered as common factqrs is 33.195, and

. . . - . L

. M . ~4 . -
_ it accounts fde b1. 5% of the total variance of teacher. ratiggs.

4

~

’ R v, - N ° = P e s .
The' similarities of . the principal factor coeﬁcients for the items at pre- *

) M [§ . t. . a ’ ' v . A} e .
' test, post-test, and from the gainvcores, with theAprinci,Eal factor coefficients g

- . S0 ) . - . . .« . . .
of teacher ratmgs are given by the matri‘ces FF’ F,, F,F,, and F F .respec- ,

v

= tively.. They are showntin Table 16, where each celKof a.matrix 1nc1udes an y

kY
. element of FlF“, F! F4, or F' F,. The first. prmciyal factor of the teacher
* .' ’ ‘
‘ ranngsthas ghe largest similarjty with the f1rst factor of -each of the tnéee kinds
R 2 . e \ -

/ of student data. .The ‘degree of similarity is largest for the’ post test (. 9281),

[ t

+ sécond la-jrgest £6r the ‘pre-test (,8785) and least for the gain scores (. 5659)*_4\ ' g

o s -
¢ A - - o * ! . “' ’ g
. , *a - - . . ; .
\\ . b . « 2 4 = 1
S . - B TR,
~. Since the variante of each item is standardized, the tof.al variance 15“ e .
» . % ~ . . . N .
identical with the nurnber of items, 54.%- ., LT
N ‘ ‘ . . _ . . ¢ . + .
. O . ~ M e M «
= - N 7 .
* a 8;;(- . - < > . - ’
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It seems 1nterest1ng “that the seco~nd factors. for. both pre-test and post test scores’
“ hapig relatxvely large Slb‘lllabtleé thh the flfth factor for the t acher rat1ngs_, -y x
\ ’ » ~ e >
‘Qalthoug‘h these sxmxlarxucs arc@not mgmfxcant - For the ga1 s or,ea, the sec\ond
*’f ; S
m‘-}actor doei not haVe a paé.txcularly large s‘1m11ar1ty thh any factor for teacher )
- » N - e - ".4
Y T : .. .. . . .
b . ratmgs& L BN Lo T o ot :
LRV S .‘, . & T ‘ & ‘ " . {." A - c. -,: <
- In'drder to determine the congruent space oVEr student performance and.
S : ! . -7 F ! : . .7 o~
- teaet{er-' ratirrgs, factor rnatc'hipgs' were Carrie'd‘ out for each of the three ,kind’s of-
~ LA \ “
- % .8 ‘F
/\student stres with the, teacher ratmgs by the method distussed in Chapter II
’ ‘- &«
}; Gyy = %F FOFE), Gz sz (ELF $)(F2F4) , and‘QG (ESF WFLEQ" are™
. f : oo ’
‘ computed,, The1r latet roots A’yy- A% 27 and the assoc1ated unit latens - -
= \E v v @ - : ’ i \ - _-,‘ ‘o
or . s V.,, Vg and V4 .ane determlned 4(1) (F F &) (}?1 F,), . G4(Z) = . v
= )éF and G (3) ° (FQF )(Fg J are ailso computed, and the equivas:
L3 * , ¢ .. L
R lence of thelr p,osxtne d1strnct latent roots with A? 1\_92, and A& found in the’ .
~ .. - .' ! ﬂ N A ¢ N
] *'preced;ﬁ’ﬁ cor‘nputa‘.ti Sy a‘ne'cf-iecked.. ﬁ'he unit’ lavent Vectors V4“) for G 4(1 ypoo
. ; ®
4(2) f?r G4€2), and V‘}(}) Ior (;4(3) are 'determlned TheSe‘rels:ﬂ_’ts, are |, .
xsummarxzed if 'I;ahl(.s 17 and 18, - < e O -
= e a ..’_q [} . R
Th normal1zed factor coejhcxents of, the matched factors for student per-
R . , Y R . -t . .
. formance op pre-'te- T5 and th0se for teacher ratxngs are g1ven by computxng T
v N P % < . - 1— . s .
; - r ' MR . ) . .
B,’ fFlv and B““ z F‘V4‘ . B = E‘ V and B4(Z) 4 ('2) also give . |
- R h .
the nor%nahzed factot coefftments o.f&the matched factors forusfudent perforrgance
. 2 Y. e ¢ - “ »
- in postv-’cests ai.nd t‘ﬁose fot‘ teacher ratmgs" B = FaVg a.nd B4(3) F4V4(3) v
L ',.. P N N L] - : i
] ' 'are for sﬁfien{ gams and for teacher ratxngs, respechvely Each of the matched N
.. L
“ ’s < . - . - s l - <
. fa.ctors wa be d‘enoted.by lovuer case Roman numerals i,, ii,, 114(1), 4(1)’ .
P . R \ 4
,'~ " Subs\crrp\tﬂ\ Z 3,. and 'Y denote the pre test’ post tﬁt ‘ga‘ms and tﬁe ’
PR . A ,» e '
teacjexuratm.gs, re ectnely i, denotes," for example*’ the fxrst matched faCtor
: , - - . ‘s i
1 for student:‘perf'or\man on pre tests w1th teacher raﬁ‘ngs, and 14“) denotes
s LS - K v
. . }“ X
e the frrs;. ma.tched factd) K teacher ratxngs with student'pe;gformance on _ptres tests
TR N . . R / % L ..;%_Eﬂﬁ )

,!}— g0 forth. They are, ngen in I‘ables }‘9 ZO and 21.6 a’ . -




“ . -4 *
_ ++ The values H/M(l) =' 5154(1)' Heé(z) B B4 (2). and H34 3) ﬁ 5)‘ )

gwe the coeffxc1ents of congruence for matched factors of the Eeacher r

4

-

_and they are shown at  each bottom of Tables 19, 20 and 21" The c’oeffic\ients of
) -, S ¥ R ’ ;
congruence H14( 1y’ ;H24 () and H34( 2) are 1dent1cal with the square roots of
N \ ’ . ‘. -3
%and A2 for Gaaz respect‘i‘%ely.

thelatent roots A-— ¥ for Gl‘l, A=, for 022,

X, : @
K I O 1nt‘erest1ng thﬂ the transfprrnatlon matr1é@%_'y©able 18 1s‘the
T

'\

\
1dent1ty matrlx wh1ch means thax the prmc1pal factors for the st’udent perfo,rm-

7wt b ol

)
ance ip- post tests are themsglxes n’raxxmumly congruent with the teacher ratings.

- N ‘i et S
2 - L4 v * J" -

Aummllar tendgncy hol‘ds “for the student pre-test ca , The frain dlagowff gle-

. * [
. ments of the transformatlon matr1x V are appr@umately one,- and the off-

[ - -
* 4

§
dfhgonal el‘emen%s are ‘apprommately zero. Hence, the transformatlon matrix

[ .

Vl 115 app;oxxmately the 1dent1t}{ matr1x,.1 3th% word? the pri‘hmpal factors

(3 2 T .
for the,student pre- test are emselx es almost max1mumly congruent with th{e

.

. teacher ratings. T tendency 18 not strony for the student gains. e order to
. - ' . i

R . e A . ) »
gpeach the congruent axes, "the prlnupa‘l BXes have to be rotated about +21° and #°¥
i . . - Y kY .

»

’ .
0

. ratings, 4(1)’ v‘*(Z)’ and un), 1t should be notxced that thf f1rst pr1nc1pa)§
factor is, )in every case,the fartor mos@closely related to°the f1rst matched

]
* Aactors. Thls is true’'because the d1rect1on cosxnes of the axes between 1, and
’ ., A * N 2

‘are greater than - 95 and domlnant in each case. . ‘ . L
Pat .

As seen in Tables 19 and ZO, the first.matched factor for the’ po‘s't—test,has

4

1
..
N

, .l ‘ . X .- \
the highést coefficient of congruence with the first matched\actor for the téachgr

a

4
k)

ratmgs '(' 941) .and the first matched factor for, the p e-test has the Secend'
..b

h1ghe5.t‘coeﬂ1c1ent wnh thc frrst‘matchcd factor for the teacher ratrngs;( 930)
v 2 . . .
‘The res}of the factors for student pex’forman« e have smaller- coeff;uems with

L) . N . .

- .

,'the facto'rs "for t‘eacher ratings.® The first matched» factor for gaxn scores has ’

S . .

']

L

the second axis has to be reflected. For the transformatlon matrices for teacher
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. 632 as the coeft;ie'ient of Longruence with the tirst factor for “t}}e{ teacher ratings‘< X

.
.

‘. whic‘h would be considered signi.fi:cant,bgt not higbly. so, In thgfirst s,tage of -
A 4 L % s . .

thlS study, the highest Lpng_,'x nee was hypothesu.ed for student gains with teacher””

)

ratings, the second for po_st test and the lasbiul pre-test. Bhis hyp th&srisiwas

not ver1f1edkfor student gams vnth’&eakher ratlngs, althOugh the coeff1c1ent of
S ‘ o v

. ccmgruence was. hxgher tu" the‘pust test than {or the pre-test as was hypotheswed

.

’ -

iﬁ?mmw coefnuent of < ST actors - x

 a are regarded as meamnga\xll) ¢ oné,ruent may be chosen, more or less, on an
- ,} z : . 5, .
. . S .
| ) arbxtrary basis as in tHe case of setting the minitThum corre;lauon coefflf%nt by
) which two vanables would be regarded as highly correiated. If b'O 1‘5 taken as -

v ° - . »
- f . -

® s ’ T o M ta o a \-
the minimam coetficient, in such a sense, the second factiors for student scores

. D s : ’ oo 9
- - L . < ; . . '
. - and teacher ratings will not be regarded as cgngruent in all the three cases. If
~ . A = -~ N s
v, . L ° . . RS o - “ " 2
. 50 is taKen a’s the mimmum meaningtul «oetficienty the second fa(,t{)r‘for the':'s‘
© - ., » ,’,, .
’ £ r,‘ ™

post gf:st wug\ the teacher, rdungs \&111 be regdrded as me‘émngfully congruent? "

N - - "\,:..,.... e - o e e = P o et e et b e camPen = e

g}'lf .40 is, ;aken, the sm,m?d .i},d.ctur: tt)r‘tihc student gains and®the teac hqr r!ktlng,s
- — % 4"

S .-are regarded as congrycni for all the three cascs, but“this crnvrmn seenﬁ too
. - - RS . . - . ‘
[ . . . - .

! " - - ‘ - gy . .
small fof a .coeffictent of meaningfully congruent factors.. The variance atgqunted

, . ‘ i _ c, £ . ’
‘for by a &(),(-niciuntﬂof,thig ls‘i,Z(- 15 uniy Lo, R N _ -
& - - &= L % s, .
In order tu see the I‘(lu!lu!'ﬁhlps between ma In dﬂ-iac tor oettxcxents »aSually,

] ‘,.< ’ . ,‘ ’ B - 1’ @4 . . .

) . the. pairs 01 thre "first n.OI‘ﬂ’ld].i?( d ¢ ongruem tat&i;r «ocfficiknts are (ﬁr\mneg ted wxfh i
‘Y . 1 ',m o
e lénes as ghown in Figures 64, (»b dnd'b(i . In other wordsb thv: pa.ws of the

- [
s . ?

values of the columns i (35) and 11 in I"a?olc ‘) are pl@tted on the vertically
@.

2 .

= - ‘ .

= pa,@,llel lines, and th( numt: m;,r cach pdll‘ of valuts are (()nh(;ycd' as in Figure

. ~6A.\ The' same type of yre 111»‘«445 ma'de for tahe pdll‘b Qx the \alues of thc columns :

-8 *

“(2) and 1, in Table 20, and“xor those of 1,,\“‘) and 1'5 in Table 21 which are
v ) gnen in ,F1gui‘e 68 and 6(J, re spu fively, It the tw o ('actor coefficients matched,
LA . - ! . b
..t are 1dent1cal thh each other, dll the hhes connect),ng them tspould be hon?oﬂtal
, '.' nt . ‘9 . : : . “ .o, N R “

r'd
4
.
T
.
)
w
1
2 3
- -
)
.
)
-

a L . é’;‘* * s ..,‘., . (S o . . ' ‘ .
‘,\ g - , %‘ , ¢
) ‘ i .- . . ) . '
9 N . - 8 -‘ ¢ = ° 2
ERICT [ fwb o000, 8 ey e

. - ’ ' . * . - Lo N P . -4 . ' ’

~ T




“ o

and pa‘ra.llel For the case of the post-&ests which has the h1ghest coeff1c1ent
, of conérhénce (. 941), the‘ lines lie 'most'nearly ,together and hor1zon.tal,» and the _ * -

cot . . , ..
~ ’ o

. .
factor doeff1c1ent's for the 1tems are-less sgcattered (F1gure 6B) For the case

of thae pre-j;est whlch has the’ second hlghe st coeff1c1e'nt o.f‘co.ngrueng@ ( 930),

2 . ’

‘the lix;_xesa‘re'mor_e diverging. In particular, the i‘é.ctor coeff1c1é\nts for the stu- .
‘ ° ' ‘“’y '\’_ . 7 .o - o . e » PR I s \
dent performahce diverge maqre than those for the teachex‘ ratings.® This tendency

« . .v'ﬁ "3 ‘:

is more ev1dent i'or t.he%c'ase éf the student g%ms vuth the teac)—x’er ratmgs in wh1ch .o

the coeff1C1ent of CUngruence is .632. {See Figure 6C.) The factor coeff1c1ents
dee’(he fZctor coefficients for the tqaeher T
B ' . "
) . -~ . ; . . . .
[ ’ . . . T~ )

N For’fhe matQung of the sec(md factors, the h1ghest coefnuent of eongruenCe
: v . o .

is seen for the second faetor o‘ the student post- test w1th thga teacher’ ratmgs ami :

A . P / &
f * tor the ga.ms. ‘scalter di@'{sely

“s ratifngs do no't.

>_ R

’ 2 s .

itis . 512. Figure 6D shows t.he factor relat‘ionships. However, a consister;t’

- . . . - N
pattern a.s seen in the cases of the f1rst faet%rs seﬂms to haxe disappeared in
. . * n ‘
Y this case. On’this.basis', the'sécond matc'hed factgo;;s are then cor;s1c_1er'e'd~to be
. 7
- ¢ ~ : e

non-con ruent W'lth each other Ior a,ll three eases of,stﬁdent* er.{orfmanu: In
g &S P

’ . N ) "

‘the followmg ElSCus\sxon, therefore/, _only the f1rst‘fac’tor\s matched wxll be con-

. 4 . - ' -~

.sidered-as candidates for the congnuent fdgtors Als.o, as a consequence of the

dnsapponmt}ng rresults for thé g%zans s:.orcs.*corre?atzons nofurther eﬁnsudera.@on .

» -+ i
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. ',W'lll b¢ ; glven to- tne -fa(;tor analysxs Qf these gains scores oy /
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JCHAPTER V

' L

DISCUSSION

-

. A ' . - [ )
Y ' . ? .
4 " ’
1. ,I'nterpr'etatioif the Results " «

. \ .
* e . s . -
» 0

¥ .
Mean Student Performance . : . .

. [}

'
€ - ' R -

.Looking at the mean student performanee at the pre-test-administrations,
* . . .

-

when instrultion had just starte\%i, the students correctly answered more of the

sub-~itemsg t};an we expected (45% of all the s’ub-vtefns Smge gt the post test
A > 1 .‘ . B
administration, the students correctly answered 67% oﬁ all bh( sub-itemsg, it .

.. -

: 1 3
. does not necessarily. niean that the items prepared were tdo easy for the sample

ofr students, but it.rather means that the gains through thé course wer® nét great.
’ ‘ oo v . v
- . * Vo
In Figure 1,.any items which would appear 1n the upper left corner would be”
‘-

'difficult at the'beginning of tHe instruction but easy by the time instruction wus

Lompleted so that they” would shovsl‘large gams Howg¢ver, there werc onl\'tv» ¢

~

‘such 1tems te;ns 7 and ‘8. Mos{ of the 1tcms in Q{tests appear c‘loser to the

R
main d1agona1 which indicates no galix‘fe ',, . l . wo ‘ '
‘ . ‘ . .
The iﬁtt»ms which were too easyn_a't,tfu- begfhning of tHe fnstrucuie alloy mo
room for gains after ;‘nstx:t;c\iion. s Se 3,79, I1, 19; 26, 3§$ and :)l .
be o‘f this kitnd. 'Hox-ye\c:r, the'ce'i'ling etfect 15 ¢ icarl; e;vitd(-nt, only tar Itoms

k)
- -

‘ ’ ' . . - ‘! ’ - 4 . .
11 @and 41. Items 2, 3,/ 26 ahd 36 might have had more rakns withoutsthe .
/ . . . f R . o

PR - .oy i . . 2 ‘ Y
ceiling, but thty show tairly good gains, considering ét}wr 1tens, .so the .ceiling
. , = N ‘ 1 . + . -

L

¢ ! -0 . L : L . < -
effect may not have excessively inhibited the potenttal gains.on these 1tenns. -
. . x M ' . . .o
:spite of having more space for gains, Items 9 and 19 did not show nﬁ,u‘}‘.
- N L4 ~ " , g )

+

Other items having ’statistlcal'ly non-signific ant gaine at the %% le\(’l SUC b an
. . > A s '

Items 6, 10, 13 and 20 were correctly answered at-about 5 “'/o fo
‘y - . x f L
° . ; A ’,§ * . y . ) )
., test and post-test administrations., Item 34 was ®ifficalt {for both pre- and
: ) . A

rrhoetl pro-’




post-test agministrations, and it hﬁétd‘ 80O great gain in'spite,of ample passibility .,

4 [N . N s . M ' N L f

» Thug, thé low gains in gencral-evidently are not pecause the tast items were Casy
’ - . ‘.

but because the imprdvement by instruction was not gr«eét. . } .

It should-be noti¢ed, hdwel er, that many jtems wﬁoie conte nts*were. not . -
. . ' { ) . R * * ) v

taught between the pre-and post-test agdministrations were included for the !
A 5 3 . . . P

A

. s
.

experimental purpose. Low gains, then, do'not necessarily mean the ineffed - )
’ ) ‘, ’ . “ . » ) : N . F—
tiveness of the teachers’ i1nstructiomor training to tl\eir students. Five 1fems
¢ - - * . . . .
/ .. . .
_out of seven whose gains are not®Significantly differdht from zero are classt 3
-+ oL ) ) . ) oo

fied as least related to the test. (See Table "3.) 'This suggests that'the degree
. . ' v .

&

of%el;x ance should havg some relation with mean gain scores. Following the N

P - . . . . ’ - - )
classification in Tahle. 3, the means of mean gain scotes for items werce com-

puted for eaeh group of items (See Table ZZ) Thc"mean is 1.02 for'Group

»
- 4 .

A, in Wthh the corrtentb ol items are most closely related to the text. The

megn is .98 for Group B, .in which the tontents of 1tems are moderat.ely related
” 1N ! = M 4 N

. to the text. »The two means for Groups A angl B are not.greatky dlfferen‘. but >
‘ \ < e *

the me‘an xs . 54 ‘for Group C, in which the contents of items are least rglated’ .
. < -
’ vy, . ' .. ' “

? 't the text, Thie mean gain score 1s quité low co‘mpared with other two groups

"
‘f-ltems " The contents bf the items Wthh belong to the first two groups are,

L . : =5 - .. 4 . hd - _1 2
related, to s_omc extent, to what is taught betwceen the two adminiistrationb. Buj ’\j

- -

" M . . - o ' R *. ° r, - T 4
.- for the miost of the items of Group C, the contents ¥eTe not taught between

» the two tests. Therefore, the low meah of the gdins for Group C agrees w;th

. .

what we would expegt from commbn experlen(‘e . ) . /
» . &

“ v

Lookmg at the« Lontents of fte-ms 7, 8,» lZ 17 2.7 49 and: 47 V\«hl\Ch\hd\(

larger, ganns thah the others, four items out of seven are those which reqdire

B
’

“students to have some knowledge of compur}ational rules. The ryest’of the items,

N ' IZ,‘ 40 _and 47, also seem to reguire some drill after iearni'ng the r'elevant
L. . - L - . 1 .

3, ‘ . . . N . '

’ ma‘thematical pf'lnci.})ies.-.' Items which can be answered without the effort. ot .

LY

‘ .l / - T s ' v o . I




& v
3

thmkmg about prmmples do not Seem to be included. i this grd‘up In other

- - N -
words, theie items w?u}d t be anSWened by simple 'rot,e Jearning of mathemdt-

. ’ . .

ical concepts such as *' *APA’ is an abbreviation of the Associative Principle,
. , . B 4 ’ S

L3
’

1]
for.Addition'’ or "'I_’.he'equation **2 4+ 73 = T3+720 is an instance of the Commuta-

P}

- . . -

tive Principle‘f‘or' Addi,t'ion, " for instance. ' o, S
Fol‘lowing( th‘e'klass'iflié:a;ion of Table 2, \‘lthe*m.ean.sj of ‘the mean gé.in’ S'&.Oel‘ﬂ_‘S\

-.for each\grgt.;p aru «omputed (See ’I:ablc. 22). Th,‘c;" mean is‘ .72 fo‘r' G‘rc;up ‘A

in \Vthh the quesuons are askmg for direct unde.rbtandmgs of 'bamd concepbs. .

The'mean .is .09 for Group B in"which the quebtlons are askxng so‘me compu-

‘tational work, and the meanis .92 for Group C in which some apphed work

using basic concepts is requared, Th'e means of th( gains arc the mghest for
. : ; . 3
Group. B,, th‘e‘secon('i for Giroup C qnd the least for Grou’p A. This finding also
. < A ) I ¢ . L. . .
. . . < . * .
supports the conclus1omtha; mMQOre progress was madc during the course on 1tems‘

'requiring-some dr1ll like compu}fatwn or appluauon of lcarned prmuplt s than

B

. . ’

" on those requlrlng slmple knowledge of mathematlca_l terms or simple recog- -

«

w? »

>
1]

. ’ ’ . L
Also, 1-f we compute the means of the mean gain $cores for each group ol

" nition of instancesTof mathema;ical concepts.
v A\ L]

1

items, (.l'abSIfIGd by format accotding to Tab'l( 1, the mdan fof tﬁc multiple-.
VAN .

choxce typ@ is , 76, the mean for the numeric al completion.type is"1.13 andy

-

«
a

tha.t for tfme t-yp~e requiring wrriten work is .88 The highest gain ig obtaine
. . LY . . N N Ry .
. M : . . X U T P17 . S
" for the group of items which can be answered by filling with ndmerals or alge-
’ o et Lo N TP B . T
braic variables, .and ‘Lne lowcst gain is obtamcd for the group of, multiple-a.h,uiu
X .

=

type items. 'This classification 1s not 1ndépcndent howexer, of the content ol
LY LY A f
> et

the items: As we have seen in the preceding paragraph, the items asking fur

. . ‘) e . Loe e *

. .. . . N C. » S i‘ o v, . . A R
simple basic concepts had the lowest ga,xnsgg and more than two thirdg of such

0 . T .'b {f - 5 [ . . -

v e

-’
. e

’

‘ f . . -
~work had thgr highest ga,1?15, and alsoamore than two))_»'frds ‘of such kinds.were

v v \
Lo wo !

itéms ;Jvere multiple-c'hoice type.” The iterng asklng f?r some Lo.mpu_‘ional
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simply a.ns‘)Werable by ;)vxiiting'numefals rep?esenting ‘t-k‘le.c‘)f).tcome:s of the Lon;lpu-’ ‘

[ . at - . . )
‘. taition'al work. Therefore, the differences of the mean gain's' would be the cop-
‘seq‘uences of'?the;.)natb.r.e"of th’e 'tasks‘rathex" than of the answer for.m's. K . '>,
’ To sunfmarize the stpdér;t'}.'nean per,f;rm;mc.es, a large number -of students -

-

- .

L Y. . L)

. . . . . % - . o, J
eorrectly answered the test items before the contents were taught, However, ,

tl”: pro‘gre_ss' in the course was not as g'reat as was expected. Itis partly because
sorr’xé Qf the test‘uontent‘s we;e not .taught between-the fare‘-_and post-te;t admin-

. ~ . ! .
istratior}s.' The highest gain was obtained in.thc tasks which r‘equire some drﬂillj ) :
or:exe{cihs'es on éomputat@on‘or a;.Jplica‘t)io'ns of the basic pri.nciples studied 1n t'he

- .
b < .

c?b.rse. " In the tasks which requjre simple knowledge of mathematical terms or

-recognition of mathematical concepts, the gain was low. For the tasks \{hose
.t . - . . - o -
contents were not taught between the pre- and post-test administrations, the gain
s ) :
. was the lowest, . ' '

f ¢ 0 ° . -
¥ .o, R . * -, -
I : #

-~ . 7'

° . L4
. . N . -
“Mean Teacher Ratings ) < l ) ; 1 . .

. [

The next question concerns how teachers evaluate the test items. As can be
. - )

seen in Table 12, the items which teachers ﬁke mos't are items 24, 35, 37 and, .

45. " Judging from these i,te'm‘s,, it would deem that teachers like items that (1) *

-

4

" are not directly drawn fromthe text but whose underlying concepts are closely
L t o f\,-\ . .

/

.,relé.ted t.o it (Items 24 and 45),. (2) have a form and.copntent similar to prob]err{S .

1.

in the text but whose instances are new (Items 35 and 37), and (3) include som¢ .
) . T » . .

, .ca‘;rr‘xpufta'tional work ift which computation itself i not a main goal but only a

‘ L)

‘ step to reach other mathematicaksconcepts (Items 24, 35, 37 and 4‘5).. In short,
.teachers seem to like .ghallenging’ problen'.ls. But this tendency is not supported
0 ‘ vt . - 4

Y
kY

by all the data, * . : AT N - :

S

Logking at the items rated lowest,. such.as Itenrs 13, 14, 17, 18, 21 Bnd .
S ‘A i o } A
| 22, it seems obvious that teachers tend not to like items whose contents are | R .
. . 4 . ‘ ¢ .

¢ ‘ * f T, B ° - !
‘ notwtaught’in the course, and this is quite reasonable. ,However{ disrcgarding
. R Y. .
. L]

-~ to .
i

.
.
' . . B
. * ‘

v . ot -

- "i .
- . ' o
.
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such obv1ousfy xnadequabe items, feachers seem notito like 1tems tﬁhat have Ac

/ - ot
followxng properties; () ‘simple computa}mnal work (It’c m 3), (Z) stralgét- ) (
forward and\%hreg_tly related to rhe text (Items 2 and 41 5]' 1mproper w0.rd1ng

- ~ . R i le
. {‘ ) (Item'JZZ*),- (4) too wordy for 'the expected outcomes (Item %3 ),
. ) i
ta1n1ng metamathematms rather than comentlonal mathematlc,s (I em 1)y lht ot
- ’ : T,
* . tendencies also are not futly supported by the eV1dence, s1nce there ‘are many
, items which are not rated low that have the above’ propert1es ks / ’
/ : .
., ) If we computg the means of the mean tt‘dt her ratings for. Lach typb of item N
' . . "4 —— . \ t .
- AL ]

as we did for student gaihs, the last column of -Table '22"is obtained. ' Th¢

»
7 "h . R o k, ﬁ‘ , ’ ) . 4 '
teaChers do not like the itenis, whose contints 3re least related or irrelesvant to -
. V. - . . \"'.Q - Lo v .,
. the text (5.39), They lik¢ the items whosc contents dre somewhat mod,j_ficd
'Y . a1 4
L4 { . . ‘ * .
s from the examples in ‘Lh(*_text (6/F1) morc than questions taken drrcctl'yi from
- . \ A

. -

- =
the t‘ext (5. 79) The teacherstalso seem to hike guestions swhich req‘ulrd1 eom( .

4 . ~
[

applled work using basi roneepts in the text (b OO) and th(y llk( less tdose ;
~ (\ .
‘1 . ¥+ » . M - .
requiring simple computation: {5, 63) or Birect quegtions on thv'basjﬁc mctthc—
“ . W ° ) ' R . l‘ :\ )
matical concepts {5.80). The teachers secin to liRe multiple-choicé itexrs :

N - . - A , " . < ¢ ° . N

~ e . -~ . 4 - . . ) a .

‘ (5.94) more than simple writing of numerical valucs or algebraic variab

i

Lo~

rs
ety

. (5. 64). It ma) be partl) because a number ot the ¢ omputations which ar¢ dwllked
A_ R J - \\ - 3’\
by teachers are included 1n the latter eatcsgory. *The difference betwcxn the K

!
multlple ch01ce type (5. 94)V and the written-work ty pe (5 82) i's not g)rezt. A
would

These gencral tende ncies 1nferred frpm th¢ ratings on Lr(u st 1te
A ) : r |
be strengthened by 1n\cstlgat1ng the teachers’ responsces to 1,he que smon:». on their
, ~  teaching objectives and preterences on test (lonstructlon.

-~
. o 1 . ¥

*
i .

p . . ¢
+ ~As seen in the questilonnairo (Appendix B), Itermm 9 in the pryhmlndry ‘part

v e
¥

of the questionnaire asks the teachcrs ‘to rank several objectives acc,orchng_, to
4 ¢

~ [

4 - a’ V4 « -'%

# TRe termn yarithmeticvalue® is used 1n the text instead of ‘absolute value’.*

* . -
sk .

" With spme except’idng, the general tendencies described also hold for the

i ( four Pekin téachers. (See Table 12.) ’ Pl
\‘1 " , o ; -Ll ;i) T 4 ' s »

N . .
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L their 1 The average of the ranks for each objective
are given in Table 23; A ranking for the eptire s_a.r‘riplkc was obtained by ordering
. ’ ’ e ‘ .‘ . ° s . * i Al * ‘ ~
’ -t‘:u'-aksragc anks ovef/ all teachers.”Rhe teachers thighk that such abilities as , .« -
o gt » : L ' . T es LT
understanding mathematical congepts, discovering mathematical relatdonships, .
. - o N . i . . i, . ) .
- " und deductive reasomng-are more important than skill ‘in nurherical computation

and remembering ma‘.ther..-.a'tica], principles.\ Thege findings are consonant with :
§ the earlier finding that the tecachers tend fo cvalaate more highly mathematically &

.
v + [ 3 -

d . - B L3 ~ N
sound items than those simply requiring wumerical work or rote memory of

-

—/; !mathemati&al concgpts. lhe teachers rank last the ability to-apply ma“tgématical ’ l
. \\ T . . -
skills to real l-Ifb\Qrob.lums.w This must be the final goal of the mathematics .

- . . ' =

B ‘ . N , . , ) - . /
education, ‘buf m‘ost\t\eachdrq scem to thidk it a eiote from everyday
. ' A U A '

teaching. . Kendall's coeff{icient ¢f concordance {Kendall, 1955) may be'a good- 3
- : AN £ . . { : .-t

index to show how the teachers’ rg’nkings resemble each other, &nd a value of

A}

- Pt N Y - 4 :
W = .52 ¢s obtained which ‘ippeérs to be a fairly high degree of/con'coédance.

. . Table 24 shows the mean values and the standard deviations qf the tead hers’ .

~ .
. : . . - T I
: preferenced on test construction based o Item 10 of the questionnaire. "The '
> ’. . . * v < -
. s .
* task given was to mark the prpportion’ of items according to th¢ kay words

-

' .- ' v R AN
- - . .
‘shown in the table. It the mean proportion is luss than 50.0, it means that the * e
. < - ! - M ek
¥
/

M = * ) . -
tcachers profor dteans characterized by the rlgint—hand word to those characterized
i 5 . . ' A - .

by the left-hand word., I the mean ";‘aluv s greater than 50,0, -the rél‘;\ttion is

the reveyse. This table should then describe the teachers’ ideas or expectations

1 ® N

~ -

. cohcerning test construction. The teachers prefer,relatively-difficult itents o)
. ‘ ~ T N

i - e T ¢

relatively casy ones, They. prefer the, multiple-choi@@stype to thé L\o\mﬁ;l../ction‘
' . . . W7 \ l / ‘
type. They like non-verbal ftems and items with few words better. than items “
R . . N .b\ e [ -t s ) .\ |
" with many words, They like quick response straightforward, and familiar = !

) . . L4 >
. questions better than time-<onsuming, tricky, and dnfamiliar questions. They
= * - * ‘\ . ”
* hd D - . R » '
. ) .. .
R * L) . < ' ’ .
/ - ! s
. v i .
R ‘ id N -
i 1
- .. ' o ,
) . ’ .
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- * + TABLE 23 ¢

-

- Ra.nks.of/(bxhtms Slrcsbcd by the UICSM I‘cav. hers Y \

Total  + 7 ', SN L L
Sample  Average . TR '
Ranking ‘Ranks . . Abilities

) Y € L,

t

1

Understanding miathe mat‘xCal concepts 4 -
Discovering mdt{hamati( al rc.latlongmps v
Deductive reasonin S -
g .
’ Skill in symb.oh\ mampulatlon :

Gener\hang from (oncrete,objects té abstract ideas ,

‘in'Aumericalscomputation, . . . .,/S
Remembewing mathematical principles  » »
Axppl\/xng mathematical-skills to real Iife problems -

00 ~1 O L B W B —

TABLE Z-l
X .

»
Prefer\red Proportions oi Items of Different Kinds to be Included
\ nn a Test for Griding Ve —_

~

- - . A - ) " P
.Left v' Means 1Standar«d : Right
Key g of . Devigtions - © Key
Werds . . Percentagcs of Percentages Words

& '
B v . . N . s

telatively casy 48. 1
multiple—(lhou ¢ 54,1
verbal 43,8
many words, 40.9
. time-consuming 42,5
straightforward- 66. 9y
e farhitiar . 66.0
basic 60,
.+ concrete . 58,
computational .* 5] conceptualp
‘reasoning 1 60, ‘ recall
-« inductive 49. 5.4 7 deductive
teacher constructed - 50. o 3+ UICSM project Lonstru( te

.

o~ relatively difficult
completion
*non~verbal
{¢w words

' .~

duick response

L/ .

7 tricky
Zunfamiliar

v applied 7 %~
z.ib'StrdCt

L]

1~ e D00 O B Jinygt

_
X o
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» lxkc badic, con rctc,}mdﬁahonal, [Teasqgring, amd dedmtn.c typc"questlunh '

k) . ’ . N ~

N ! better than applwd,,, abstx;«a.a,t LOhL(ptlla.l Fo c,)ll dnd 1nduc tive typé questwns
- R - ’
/‘ Fmally, thcy want to 1nclude tea«kngr m,adv 1tu.na:, and U‘I(!SM made 1tems 1
. I -.‘!Jé .

- ‘.

a nalf\:nd half ratio. Of LdUI"’SL,,th(:‘ degrev'of p;;cfcrcnu 15 d1£_ferent for

~> o, - ¢ .\ » 1( - - R
. " vach questxon, and 1t may Uot;ed’b t"heﬁd}»iﬁzﬁ{on of the mean \allaue n*50. 0
Of course, the mean vald. itself does not tell whether the prefcrcnces of the =

g - *y [ * .

. .o <
' . .

- t§'a;:hers are'.sm‘u'lai' or divcrse, b‘uththe. standard _(.fc\'i_a,t-}(?_n';q‘f '}be teacher”s"‘ S
, preferences wouldimdicate this fact. ". = 'Am'..l., - .0 ’ ' ‘
' In mo4'st‘c§se s, the tcachery’ .prlcfc‘fenge; agree \.N'ilB (or at least do nhot

X ' . T ¢ s
' l co:ntra.dict)"the‘finding's' from t}}o' tQaLhcr.s'- ;cztingg on the ._ir'lduidual test items,
] .althou’g.h‘ some ‘L.aution i§ nece s.saf.y,. 'lt W o'uld be ‘Llnd(~'1:stax1dabl‘c’ that thc-ay/liko» ‘
) "rea.so'ni;m.g, deducti’\:c, a,nd'familia.rt itcms'bett,’g‘ han"i"jccall, i'nc—lyctivi;e,’:‘ ?.é(l . ‘

a

‘ e ‘ . . Ne : ’
unfamiliar 1tcms,'VB'\1/t tie fact that they like basic, cOmputatlopal, and nen- .
. N I s LI .
. : / . . ~
* ‘verbal items better thn applied, conceptual, and verbal items“ppears conv .
. . :

hd 4 { , . - N

tradictory to whatwe have reported inthe carlier part of the study. The:teaihqrs v

. *

v
4

respond to the guestions here by comparing the given bipolar “words, and their

- . . ¥
. responses are a function of thg given words. Fotr example, the ‘basic vs. appli-d’,
. -~ . . . .
4 < ‘ ° - N ’ . o~ .
: ‘of which the teachers are thinking here must bc-_/ iffcrent from’the 'basic’ itemg
=, , & Y~

. . . R N . o ',‘ . ’ R -
and the ‘applied''items that we have clasfsified 1ir the carlier, study. . In the” former

’ — -
[ -

- N - - ! R . s
case, teachers must have interpreted ‘Basic’ as m¢afing o sound.understanding;
[ v . - A

. .
’ - .-

and a pre-requisite for applied work, In the latter (ase, hewever, *b ‘bas'ic’
pregrec PP { Y

v . Q
was meant questions taken directly from the text, and apphed méant 2 an ability

. 3 t

- ‘to v&ork new t,ffpes which is the test of a sound undefstandnxg of the underlymg
@d Y # .«

.concepts. A s1m‘11ar argument may holc? fpr tho/rﬁ( stion btra%htf‘orward "
. . . ,“ '

o . \ -

2
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- o : LR ’ * N y ’ :
IR trurky Howut r ‘comparing the Qt1mulus words on bﬁth sidess, most of the -
& - f . - g o N 3 "%
teachers nesponses seem understandable - % v - . . .
» . L . . v \’ o d
i The next problem 1rs.to see the relatlonshlp beJ:wJeq mcan teacher ratmgs .
P . . o '

. ¢ : R - ,

and mean student.periormagc.es Yor each‘item.’ Befpre 1nvest1gat1ng‘ﬁ;{e l’elatlon-

L2
2 e 5 ‘ 3 '. /
. shlps ba,tween twdé kinds_ of respopses from differc nt ;ub_]ekt groups we shbuld'
.Qear 1n mind ﬁ:at one, assumpt1on was m,,»qlveQ The samples of tev,chers were -
_/ ) . -

. L

m% different sehoois—rn—k‘?—states %pi‘—c‘*:&ﬁ%iﬂg%—\&-lde area in the_Ulnter‘ ' L

A "Q‘\ ’ ° RN l

-~ .

States. On tbe other hand the"sample of thc s{udegts kOl’lSlStEd f si
> Vo 5 ~

e -

taught by four teac.hers, from one local high sc.hool in Ilhno;s

talking' about teacher-student relationships in’ tcrms of fesporses onflest ite¢ms,

<
. . v
. .

‘ . .o _ . . .
we a“re'intéresfed’ in only the cortfmon tendem:ios that appeared 1n.both teak;her

and student groups. V\re aréf nterestedan \\-hcther'rnost stddents have or have
A .

.

“

-~

not eommonly shown ;_,ams, [or 1nstam ¢, on 1tems whlch most teachers c’pr%‘- N

'\ e o

2
\S~ monly emphas;ze We do not assame that any paz‘tuﬂlar e?nphases drfferent irom

.o other classes were made in thes¢ sample elasse_s. Of courge, if the feachers .

. “ : : - - St . 7= o
\ who are teach1ng ‘the classes whith,are used for thil's. study ave'excessw*ely A
. e (

. ~ ‘ v

i d1fferent ob_]ectu es and d1,fferent Ways of te ac hing Trom other teachers, the I
", . h

N . - - \ .
o teacher-’s&udent rc,lahonsh1ps v\hich wd are gomg to*d cuss. here \&Oul,d Rose

. - ¢ - Fu - - > 5
S 1t.s.vahd1ty. ‘ Howewer, sxnci_there is no rtason to believe that the st teachers

had biased obJectives‘from others, t'hesc teachers were,. assumed to be typical

. * . N

. teachers in the United States. “The years o.f geachlng egperlence of mathe,mah{:%
' . - 4 ¢ ,} "_, 3 - N i -
< for these teachers are four, f*e, twelxe, s1\t’een years, .and the years of tea<,h- -
. - - .z, LB

v

' ,1ng Units I and II of UICSM old texts a’re onc, two, Seven, and eight years, . e
SR

. ‘e . [

3

L ‘respectivel_y. They to‘ok three, two, three, and two courses; respectively, .

i 5 U : % : 4

o ;n wh1chr the contents of UICSM curr1cu1um wereostudled Ideally, when we ¥, - :

. s - [ A .
.t . . g » ¢ 7 ' )

— , talk about the relathpsmp betw ‘cen teaeher -Held obJe(.tn es,and student per- . ’

4 .

. - -

forma.nce, the student performance should refer-to the performance in th¢ class

»’-»a “ 7.
. - ’
. ,1" N ‘.
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. taif-ght by the téacher ‘under consideration. . We .?'ho'uld'ﬁ!nd.t'hc relationships

K - ‘ 1 i
. between the-teacher- held’ obJectnes and his studgnt performance Hewever, it
. :' . \ - ) ~ . .
N would requxre a much l:onger and larger-scale researcb ier this purpOse
F S . ~. .

.

Now is seen. in Fxgures ‘2 and 3 no part1cular tendencws are found be- -
) . N Lo St = . Fl ,
. tweéen mean te)admer ram}lgs and mean stndent pe riormana_es in the pre- and the .

v M ‘.

post—tes?But 'a ‘moge 1mportant que$tlon 1s to ask if the sfudents develop

. 2 s . I .

i ) Lt ¥

- thél"r'abnlty along the 11ne that the teachers’thmk 1mportant o
N “~

) - -

. To some.'é*cte,;rt the answer is yes, but not colnp].etely so. As we have

.

°
)
- .

. seen in the first Sectlon of thls chapto " the students Erogressed anore in applu;ed

. R

work than in basie conce»ptual W ork and the tcache‘rs also thought the former .

would be betteT, thah the latter 1n the ratlngsnfor items. The students showed®

‘ °
- »

«  more progress for the modi,fied questions ,than for questions that were thd same
" EREVE . N g , -
N K * - . . 'f‘i’;u;, [
as in the text. The teachers also hiked Modified questibns better than direct
-, - . - - . N

ohes. The correlation gf the mea'n student gain scores with the teacKer ratings
. ’ 2 .

o ove@ems was .53 if a few exceptional items were taken out (Figure 4). This
is not a'strorng relat'ronship‘ but there is a positive tendency*between, the tgachers’
. . K . M %“ I ] . P . .
i objectives and the students‘ progress, . ' -

3

- There is also a dlscrepancy between them. "l‘he teachers think that simple’

] L -
* N . . .

L Comp°utatlonal work 1s got so importa.nt Lompared with gther aspécts, as far as

Vo

- ~ (-4

g the 1terns presented are concerned, but the students showed the greatest progress

" in thls kind of*work Since t/c.omputatlonal work requires some knowledge of
v .. . i'w&» _ .
. ‘ opera.txonal' aa@les and drlll the progress due to 1nstructxon would be rnost eﬁec-
. » ) - -

‘; tive, '9Wi_thout knjowledge of the rules amd_drill we could not expect the student to

L

»

’progress in r\nathematics, ‘and this effect seems most evident in such a task as

% L4 IO SN

computatxon The teachers replied to'Item 10 of the,questionnaire, indicatihg . {_‘&
7 ‘ gl
5" . f )

%
. that they would mclude computational items more than 50% in thexr test, on the

-»

\ i
}’. - averla°ge. " The teachérs must‘re(;ognize, in general, the importance of such drills
A Jo. . . i .
as a basgis for developing the’students’ ability in mathematics, . ’
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To summarue the teagher I/L;ngs of the 1tems, the teachers empha51z.e,

‘in general,- the ab1l1ty of basu. and conceptdal understandmg ‘muthematics

L

¢

2

¥

kY
.

[}

and its appl1cat1on rather than the robg memory or mechanical &pghcat;on of
mathemat1ca1 rules, They Iike quest1ons mod1f1ed from the examples ef the

text, but the quest10ns~ should be based in the prineiples taugh!l They wcmld..
E \ .

. e
exclude the questions whose solut1ons are based’on prlnclpl@s not taught.
S .
&

93

3, -
,:/

i

-

This *

-

'
N

G

2

’

]

‘
] ~ Y

asklng for their general teach1ng obJectlves and att1tudes toward test construc-
There is no partlcular relatlons\ﬁrp/Q

<.

B
is reasenable, and in fact the st>ude.nts showed little progtess in such questions

,The teachers objectives 1nferred fro'm the meah ratings for the items are, in

many cases, understandable in the hgiht of the;,r responses to the ques%gnnaara

=

-

The student progress tends to be,large in

tion, although.some caution.is necgssary.
between the teacher ratings and the student,performances on the pre- and t@
. .,

ratings and the mean gain scorgs

.

- h 'Y -
the iterm's which the teachers think important

tions, as seen in the computational type items
3 '
» Al

[

.

v

o

post-test, but there are posi&ve but not sttong tendencies between the mean
>,

* A
-
.
AR,
.
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- > =
2 AN E
.

»
-

« 2\

¢

!

although there are some excep-

L

¢

Principal Factors for Student Performance
As mentioned in the previous chapter, we have obtained three factors from
£

¥ _ the'intercorrelations among items for student pre-test scores and‘also two
e

‘Ffac‘.tors from the student post-test scores. For the gain score the factor analysis
h ® P .

a . - ~ '. .

results- were more ambiguous than for the pre-test scores and post-test_scores, ,

-, - e Y ’ . /\}

the first two principal factors accounted for only .10.8% of the score variances.

Also, since the factor analysis of .the student g'"ains' failed to yield ihteresting v

:%;;\ ...J

\‘.. * ‘

results,it will ,Qc;ﬁ)é discussed . e

The principal axes could be rotated b'y-(sorrfe criter‘io‘r; like‘the varimaxe

However, the 1rrterpretatio_n of thfe _;,"a'ctorsi”Will be done-without
, : incipal

e
(e ]
-

- S,

-

.

® . ,(Harman, 1960).
Lk * B (5.;"’;# == .
rotation, since the principdl axes themselves, particularlythe first p
. . \ . . v ' '
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, axis, have several s1gn1lican1: characteristics as will be,seen later. Varimax.
» - ;,- ‘l A
- + . . Pad
¢ - rotations were trled'and d1d not lead marked imifBvements in the intgrpret- £
. 4 'y N [N
. ] S, . ) St
,abl.hty of the factor space. . . . / - - .

i . - - . L

t For the pre-t“'e"st ctase, the ’fif:s‘t factor refers to the'abil‘i-'ty which students

o 3 ’ ol . -
already had wh§1nstructlon of the text started For the post-tést cas€, the '
first factor 1mp11e-s the studengs’ gencral ab111ty on the given tests whose con-

“tents have been taught. ° : ‘ Coo
- - A : 3 . - e ’ o '

Judging from the contents of the items, .the "fi‘x_‘s‘t;princ1pqal factor for the

-~ I

- rd [ . .
.pre-test seems to be related to a verbal \'s. numerical dim'ension. Theamajority,
. » 4 - Fa
- . . . s

. of it?ms with low coefficients are numerical dr iomputatlonal type problems A

, Lo ) we .
such as.Items 13, 14, 17, 31 ang: 34. On the other hand, items with h1gh
1 . ’ Y
coefficients on tt‘xis_ factor seem to be related to the verbkl description of - .
‘ LI . . . Q ~ S . . R ve ¢
.mathematical'problems or they are related to the abilily of mathematical form-

" "+ g ulation from Verbal‘statendents‘, as seen in Itéms Zlf‘-,' '3(), 42, 43, 46, 47, 48
and 54. : An‘othef' ‘in';portan't characteristit is that the items With- an ‘illus'tra,tive.

'example (Wh.i'Ch suggests, .not how‘to write answers, Bat how to think]} are l‘ikel)\r -
to have high coefficient A For example, Items ZZ; 27, 30:, 39, 42; 47 and .

8 -
48. ‘.
A \
[ . ) e . .o wely s P C . . .
~The impflication of thése §indings is 1n’Ipoerta.nt. Ass the first principal axis

v D » 2 =%

. . .’ N CR-

is generally close to the first centroid axis, "the first principal factoi' coefficients

indicate the degree of the relat1onsh1p ‘of ea(chutem W1th the mean of all the

.

items. Suppose that these 1tems are used for an apt1tude test and the . mean of .

. = . < ; . N
the item scores over all-the items is used for a measure of the student apt1tude. Vo em,
The first principal factor coeffi'cients indicate the degre’e of contribution of each “\

. * " :
itern to the aptitude defined above. The iter‘n’s‘with low coefficients do not serve
as good apt1tude test items) From what we have found in the preced1ng para- C ’

graphs, w/fmay conclude that the computational type itéems are not good for

; . T

4apt1/tu/de test 1tems in this sense. Since computatlon requlres some know%edge
- v - > N

3

“t
v

of rule for operation and some practice, it may not be an aptitude” On the ,
_ o - o iy ' J
) \ . : - " \
) 1y . : .
. A - Ay . . ) .

N , .
L4 4 Al s
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other hand, the al;ility tg formulate mathematical «oncepts _de?cribe,d verbally

¢ [N

in mathematical form may be-a .good indication of the possibility of reathing a

-

high level of achievement in later learning. When.some mathematicai illustra-

.
4

tions afe.presented, the ability to catch.the mathematical essence froth the

l“llust‘ratlons and the ab1lrty to apply it to the 51\ n problems is also an apt1tude
for getting a high' level of” achlevement in mathematlcs. Thus, ~the f1rst pr1nc1pal
factor coefficients of items for the pre-test seems to sugg‘e,st which items are

* . oy, . . Y P .
good onés for 1nclus1on in an apt1tude test. ) '

s

v

. -

. The second principal factor for stpdent. pre- té'st seems to be a time- related

effect, Items with hlgh eoeff1c1ents'are located near the end of both Tests 1 and"

’ : % .
II (Items 22, 3, éa, 51;.52, 53 _and 54). Otherwise, items appear to’
+ - . -
need a lot of time to answer perhaps making.s'tu'dents hesitate to do them first

’ 'd

.. - : : ..
(Items 8, 18, 47 and 48). On, the other hand, items with high negative coef-

ficients are,likely to be multiple—choice t.ype which can be responded to quickly}:'

v

- or at least, thyffe 1tems look easy and most students are 11ke1y\to attempt to

do them first. Items 3, .12; 15, 16, 28, 35, 37, 38, 40, 42 and 43 are

-
5

. examples, T ’

The third pl\'incipal factor for the student pre-test is hard to interpret.

- ¢

A ’ v \ \» B . ’ ’ /
Items with high coefficients are Items, 7, 8, 11, 17,18, 37 and 53. They

* ° . * .. ! - - ¢ . . B
are problems involving multiplication, division, andthe laws of operation ,
N / : .
such as the gommutative, laws,, the a assoc1at1ve laws, etc. Items with high .
) \ . l"

.. -

S negatwely coeff1C1ents are Iﬁmsﬂ 4 ‘5 47, and 48. - They are groblems 1n.

: addition mathematicakformulatlon in us1ng quant1£1er s, and f1nd1ng the num- "

. -

. bers of, roots cf equations. Since there is+no cons1stent pa‘YerQ we would like

to leave this factor unidentified. AN ) o

. . \ -

For the §ost test, the first principal factér seemis to be closely relatede o

the ob_] ectives of the given UICSM text. The items which have high coefficients

on this factor deem to accord with what the text emphasizes in the given chapters.
. S ) . ‘
- \ » =
o - x .




Items 29, 30, 33, 35, 37, 40, 42, "43,, 44; 45, 46 47 ‘and 50.are the ex-

) » i .
13

amples. On the other hand, 1tems with low cocffmlents, Such as 9 0, .15, T

1
- . Vs

T 16, -17 and 21, are less emphasized in thc"given.chapters. “This i5 an important’
. . .
requ1rement for the ach1eve,ment test and the f1r$‘t pr1nc1pal factor Coeff1c1ents

. . .t
L) N .,

y

seem to 1nd1cate which items are good ones for the achle\.ement‘, test The be- ..

. M -
.

. ;  haviors of Items 6 and 41 are unique for, both pre- and post test data. Item, 6
S N )

is a challénging type of problem and it does not follow the ge’ner,a_l pdttern'in '

- e e — e 4.7 R S

< 3 % [
\
.

A e . . .
. . L L ‘ PN . ) . ? . - .
. ', many other c/a/ses. However, the low coefficient of Item 41 is difficult’te under-
- o . ! . , LI
T stand'. . R . T A : :
. r . ~e . . - A
~ . ” - . . h ] N .

~
r K . N fer

v The 1nterpretat10n of the second prlnc,lpal factor for the student post-test
b .; " ".\ ' * e ; N
- - * is. not easy. Items with hi~gh cpeff1c1ents are Items 41, 48, 514 DZ '53F ancf 54,

. . \ - . . t

and item's‘W1th h{gh negati\Le coefficients are 1, 3, 12, 19, and 28 Altho(iéh ;
. L4 .

-
~

no conslstent patterns exist among them Items*]l and 28 are rather 1nduct1v’e

5

and stralghtforward type problem,s,. while Items, 51, 52“, 53 ,and 54 appear to,
¢ . ‘e AN L
" be loglcal reasonmg and deduct1ve tyBe problems.’ Looklng at 1nduct1ve ty‘pe

LS . ”

problems such as Items 15/ 25 and 39,\ they all have negatne coeff1c1ents .

{
* .

Howev’er *gs ‘there’are many deduct1ve type. rtems W1t‘h negatlve ccw-ff).ments,

ot . LY

Y« this "inducti'ye-deductive' interpretation*is not relia-ble. . Ve
' . N . . £y “ . Lo .
A L] o v y ! . - . . ! N . Pl
‘ ' The analysrs o,f student‘gain scores was not considered in thi,s,éc’ﬁscussmn due
£ o ' ’ N ' . . " S
f to the 1ack of 1nteresthg results. . A

. LI r -
it . 3 !

SV - The, second factors are d1ff1cuft to 1nterpret for the student data, and thrs

»e P | '
" )

is not 1mproved1by rotatlon of axes. The reason for the d1ff1culty of 1nterpre-' :
I ‘ oz
ta.‘hon of the second factof@ is, die tOo the falt that they are almost 1nd1st1ngu1sh-

\ * (3 > B

= . e
able from random factor\s The f,actors Wh;ch we could use W1th some rellab111,ty

.t .

are only the first ones. In fact only-the f1rst factors ai'e‘ congruent Wlth ‘the

[y

“ A ' . .
o . factors for teacher rat1ngs, wh-en they are matched Wlth teacher factors. )
o ’I 4 . * . .

In'summary}. the .£1rst praner’pal fattar from student pre-test data is’inter-

.
£ ‘ - - M

‘-preted as a genera,l aptLtude faetdT in Whlch 1tems requlrlng an ab1 ty to grasp

@ "
- mathematmal concepts from verbal s’taxtement have mgh coeff1c1ents énd items
o : “ - .' \ v" . - .

Ql_ . : ’
T v, 4 = A
L Lo

';‘ ‘ »
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»*, requiring some knowledge of mathematical rules'and practice have low coef-,
' . ficients on this factor, .The second .f)i‘incipal factor from student pre-tests’.is ) i
. - 1
s ' : . , T ©o . a .
¢, interpreted ia_ time factor.in which time-consuming items or items located <
, ' ., . s I - . ¢

+

y .
. -
. . A L

N

< ) . . . b “ . ) v
“ hear the "end of the tests have kigh positive 'coefficients, and items,q'uickly,' " [,

e 3 - ot :

responded to ha\e hlgh negatl\re coefflclents. “The

o .

ird prlnmpal factor for

stud’ent pre test 15 hard to 1nterpret and 1t,15 Ieit umdentlfled : 2?' "'G.‘ oo,

—— - —y JERL U

For the student post ‘test, ‘the f1rst’pr mfactor is 1nterp.-reted as a gener-— P

.
v - . - ' SRS

©al achleyemEnt factor, in v&hxch items ,strcssed in the te t have h1 h COGfﬁLClE ts 7"
, % g R

' Al .

on th1s factor.
. . N . N A P % "c

tefid .to have low coeff1c1cnts on thi3 fasto‘r ?:he SGCOI‘I.d pri‘gmlpal factor is ' , f'.

4

‘Items w‘hlch are not. trcated m -the cha-ptex;s under consu:lerataon oL

o o

Pe .oy
o , N wee \ . -~ , .~l| 1

S
, mterpreted as.y deductlw-mductn? factor, bqt 1t sy not a clezi'r ,\!n,terpre-tanon NI
’ o ‘.c . @ . * - [ RV U . v % Lot *
R "' , "& .“_ . e, '*‘, ‘, . ,‘ i .‘ ‘. .{ ‘ 7 :, . vl f
- L] Y o - . L "". - 4 Q .. ’ - 8 )
] - . P . >

. R \ . - !
3 ~4 M .
- 4 @ . - s 1. ' v . PRASIN N
> - < @ ¥ d

e ) B o0 . . R . ' .
v " Principal Factors for Teacheg Ratings . , . ' 7, - 1 i § -
() . i : s ' S et LA S e . .

v - Py vﬂ‘\ RN *ur A METERA ‘ \_‘l.‘! T g L

S Fue fa,gtors were e\tracte-d »fr‘om thot‘eax,her ratmgs by.. the pr1nC1p‘aI.9dm .. l

N
[
. L, IS s °--K Iy . -~

ponent method The flf'St pr1nc1pal .faitor is’ relate'd ta the teachers ;ndm'ldual s

. W, - . - te s
By ' ¢ e . M v S [ a""x § -t

dxfferenCes on%helr \atlngs taken as 2 v~hole As the flre‘t prm.or_pa}, a'xzs. is'

B
.. v N PN

) - 'f‘,t
, eprc ted tosbe clode to the frest ce.ntroxd axis t h 'repre,sents th'e mean o

;y s B v
. \ . u‘ S . . ‘\-. --

* ! ’
»

4 %e the btanddrd ratings of.,. all t—ho 1tems, the f1rst«pnr1 mpa‘l f&ctor i< hxghly)'related

\ s

. LR} & .'| . *’ ‘ l y
-, to the genéral tendency‘ of (a.ch tcac:’hcr s’ r‘alfmagé;, rher.sforc,, 1t°may¢be lnterc— D
o A @ z . 2,08 . I
S ',,“ e A% A . ., - <
. plé‘eted as reflectlng f.‘he-teacner-(? ge‘nera’l response set~ Iqr a.ll the iterns’ 5 L

~
. ‘.
~ . ' - . . . s \e
a - A .

Items with high cqf.fflcmnts .(greater thah ¢ 70) oxf fhls i‘a.cf'o‘r-are 5, U} .24 '

.\‘,7 '\‘.

*
. BT ’. it ‘. _' - P
J29,° 30, 31, 35, %6, 37, -$8, 3(? 40, ,41 :}‘L 43‘, il ’zné 152., ‘]\//o‘st of {hem e

ot e
» . : .

L3 ¢ s ' ‘.o » . /.' . > .. .\
N are items in Test-L_I‘. I‘hesc xbems (especxally thost in Test II) ate mostly
' 2 . ~ » ) ° ’ .
L. conceptual type 1tems.. Itcm~s whmh are 1rrele\,ant to thc tex‘t are hkely tf) 'haxc :
. \ - . \. PR A . 9
o edow cloefflclents on this factor Some aspects of the reIeTnce of 1t0rns to the <

v
. . . =
text gre then confounded y»ith the sec.ond and the third pr,i,wc)iga.l facions which”

¢ ° -

+

," \mll be descrlbecHn the ncx‘t parag“ra S . T ' o ,. . N
: o Both the second and thcaé}nrd pr1 c1pa1 fac tors seem to be -related to theN ‘
relevance of items to the text, but the two factors‘arc dlfferent in somg¢ :char-'
.. " . , . ' v -* .
i~ L T e L e -
+ TN : 3 o .. < : .

s

s
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n acteristics, Itgms with high coefflcieb on the second factor, are: .9, .lO b3, (

-
-.\ ,,_

l] and 18 and they are. ,computatmrial type problems on vyluch the teachmg‘
1s delayed to latfer chapters, u’out the quest;ons themsel\fes are, qmte stralght- .
! ’ .
forward Items. with h1gn coefficients on th‘e’ th1rd fa‘ctor are 19
Y -

2-3 and 25 whose contents are about mequal1’t1es, absolute xalues and symbol1c

4
. o .
* - . «?

_'manipulations. The contents of these items is taughtgonly later or taught in a

] . . .
dlfferent way from what the items re.qmrc For example,.the term
. Iz K o

- X

absolute

- = w e [

Yalue" i'n Iterr 22 1s not used in the text; instea"d, the term * ar1thmet1c Value '

Ve ' ‘

" is'used. Items 21 a&d 25 are appl1cat1on problems of abstract symbols and the
o

.-

- e . (° ]

is not practiced in the text. I
e : ¥ ’

. same ﬁ'nd of questi

~ .

- - L

\Another° important characteristics of the second factor is ‘that this factor is
. . — ’ o o 3 . ) . N
related to COnvgntional mathematics problems v's. .new mathematics.problems.

. N - )

Lookmg at 1terﬂ W1th h1gh negatne coeff1c1ents stch ‘as Items 1, 5, 6,

.

35, 36, 44, ‘46, 48 “49 and :>0 they are deal1ng with new mathematlc prob—

" lems such as metamathematlcs symbol1c operat1onsf, general1zatlon, open
. L4 f .
n . - « =t

sentences, the principles of real numbers, quantifiers and so on. , On the pther

. L

hand, iterrts with hlgh po7~t.1\ve co'eff1c1ents a,re rather tra‘d1t1onal sk1ll oriented

1
problems. "Fhis characterist1c 18 1mpovtant but tt overlaps, wrth relevanCe to -

N <
D ’ ~ « . 4

the text. ° ¢ ‘ . . o
) AN / . Tt

‘ [ - . . .

' -Thésf%ﬁrth prlnc1pal factor seems to refer to an algebraib factor. Item's_with ’

{

qh1gh coe{f1c1/ent on this factor are likely to treat- algebralc\ man1pulat1on 1n-'

cludmg algebraic variables,'a, b, X, ¥, e ._Items 3, 4, 27, 28, 29

31, 33 and '3;4 are the example's. On the other hand, ,1tems w1th h1gh negatwe
R ' Y 4 Lo ,
coeff1c1ents are’ likely to be more conceptual as seen in Items 35, 36, 37, 41,

Yy -
. -

42, 44 46 47 and.48' 'I'hey do not reqturg-actual algebrarc ope‘rationi~
The fifth pr1nc1pal factor 1s hard to 1nterp£e.t " Items with'high positi‘ye

" .
'coeff-lcrents are 3, '4, 6, 7, ,8, 9, 47,748, 53 and 54 Wh11e items with

~3




.

. As hdve " Seen m\the eBg%chapter, only one _(;,omp.os1te factor from student

°

°

3

.

-

.. high negative coeffiqients a’re '1,,-. 15, 16,,1 26,. 27, 29 and 32. Compar‘i'ng. '
- - ~ o . , € R v EEEEY

-~ v, . .. . . o . -
the contents of both groups of items, ho systematic pa"ttern‘is)found. . Hende,
- . : > A ) T ;
'we had 'b'etter- le_a,ve this factor unidentifi;d,* a - Gt
. ' ¢ ¢ F . ’ . ’ .
/., R { ' ~ v . ‘

Congruent Factors'betWe'en Student Pei’formance and Teacher Ratings ~

.

_The next problent is to- match}he teacher factorsy@vxth the student factors.: .
e a . 4

" data is'corrgruent with ‘on®.composite factor from teacher data. .Comparing two
. .

., factgr coefficients.matched for’ student pre-test and teacher ratings, items with .

high coé¢fficients for both student and_ teacher data are Items 35, 36, 37, 38,
- 0., S a9 . :

39 4’2 43, 44, 46, 47, 4I8, 51, 52 and 54“‘? All are itemsastn Test II and v
genera1~ly they are all closely related to'the content$ of the text. Items which ' 7

. ’ ’ - . Y .

have low gﬂoeffi‘cients for both teacher and student_data are Items 3, 6,‘." 9, 10, .

12, 13, 14, 15, 1b, 17, ~1,8. 31, 32 and 34. Most 6{ ‘theri are\computational-

. ’,'

-
-

type problems and they requxre that students have sox;ne knowledge of rules for
- ’
' ‘operatxon and.p_ract1ce}.\ L&ems thb great d1SCrepanc1es between the two factors \

[
~

"are Items 6 and 41. Both have high coefficients for teacher ratings and low
coefficients for student p’r'e-test's.' Iterm 6 is a somewhat geculia‘r item, &nd

.
- . k4

- ) - . ‘ ; 20
. 1ts behavidr is hard to u’f'faerstand. “So is Item "41. Generalfy speak1~ng,

)

N conceptual items and 1tems closely,a&t—aehed—%e—t—he—tcxf'tend—ee have hxgh coef- b

3 \ 6
f1c1ents(on both teacher and student new factors. Computatlonal type 1t53:ns whxch F
. . ) ‘ . - g g - .‘ . -~ . I
require students to have some kndéwledge and practicg tend to have low _coeffx-
’ . . / Y £, .

12 4 , . F— . : R . *
.ciénts, on both teacher and student factors. Thus, this conEeptpal v, -

- . '
- s £ L= . - . LI
» . .

. ‘ . .t .
. Lo e
.

> L. . e {

¥ . If the. factors were rotated; the-interprétation might. have been easier. How-

’ ever, rotatxon by' the varimax criterion did’not sxgn1f1cant1y inérease the edse |
of the interpretations. The whole system gf factor interpretation by the vari-
max method was much the same as, that,by the principal axes method.

% For ea91er compar1son, the facgor coefficients (see Tahle 19) are. normahzed'
over all the items. y P | ‘

o' !

~-
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a - . .o \ .

computational féu tor is @ congruent fé_c_tor for teacher ratings a'nd‘student—’ per-
. A . ‘ .

forr@nce at the pre-test stage. The coefficient of congruence is £7930.
As for a équruent space over teacher ratings and student post-tedt data; it

) . ¥ \ ‘\ ) . ' * ) f

should be noticed that the student congruent fActor is the same as the first prin-

. 3 & [ . )
cipal factor. As 5een in Table 18, the transformation matrix V, is the identity .

rnatrix and the result is not 'chan\ged by the transformation from the first prin-
’ cipal axis for post-test data.to a new axis, maximally co.ngruent with the cor- i

' responding new factor for teacher r%tings'. A similar argument holds for the

. . . s

A

transformation of the teacher nfatrix. +The first row first column element of the

"

matrix Y4'(2) in Table 18 1s nearly one; and the rest of the elements in the first

column are nearly zero. This means that the new teacher axis is not signifi-

” N - P

cantly changed from the Brigin'al first principal factor axis for teacher ratings. '
In other words, the first principal factors for students and teachers are them-
L . C. . v .

selves almost maximumly congruent with each other. In fact, the coefficients
' A

¢ of factor similarity between the first principal factors is /928 (Table 16), and

4 .
it is close to the maximum coefficient of congruence .941 after transformation. .

LS “ / !
Items which have high coefficient$ on both data for students and teachers
* . - } . M : . . ?
are Items 27, 29, 30, 31, 32, 35, 36, 37, 40, 42, 43, 44, 45, 46 and 52.

F
Ld

They are cloéely related to the.contents of the text,. The difference from the pre-
¢
test case is that items which require some algebraic manipulation are nowgin-

Y
14

cluded in the post-test case. Items '27, 29, 30, 31,° ar{df32 are the examples.

wi

v

To Be accustpgeﬂ to such algebraic manipulation may be necessary in order to z

-

answer these questions, and this-wduld be expected as a Cohse’nce of gtudy t-

. ) . ‘ ’ . PO . 4
and practice based on the text. Items which have low coefficients on both kinds of

’
Y -

data are 3, 4, 6, 9, 10; 13, 17, 21, 25 and 53. Moést 'of them are the items

whose é‘qntents are trivial or not.taught between the pre-test and the post-test - -

= - =

» - L4 - 3 ‘ -

administrations. Thus the congruent factor for the teacher rasings'and the student
. -~
’ ’ - -

performance at the post-test time seems to be a factor which stands for a general

s ) - l " 4\.. .. - -
. . het N ( = L . . ' ]
\‘1 ] N R N 1‘ ., ) éff ’ - . Ed
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: 8
mathematical achievement’-along the content of thé text. The degree ofycon-

gruence is higher than the pre-test case and the coeff1c1ent is 941 Thus the
o /
. ‘ & .
new matched general factor for teacher ratlngs is. hlghly congruent with the

N .

students general dchievement on the post-tests.

[ o o a

Let us summarize our findings for congruent factors. Only one {actor from

N

ratings. The factor coefficients of the items for students’ general performancg

.

factor fo%teacher ratings. Items asking for the erstanding of basic |

e

- . T

- mathematical concepts and the skill in algebraic -ani?i)ulation (based on the

contegjts of the text) are clo‘sely related to these two cangruent f,actog (one for

-1

student performance and one for teacher fatings). In fact the student general

achievement factor (the first principal factor for post test data) is itself

)
¢

,maximally cong.ruent with the new factOr for teacher ratings. A\lso, the firgt

o~

* L ad M
‘principal factor for teacher ratings (response fet) is almost maximally con-.

-

’ N -
- - .
*

gruent with students' general ability.

<

-

Another new fattor {of teacher ratings was matched with student pre-test:

periormance w1t}’( hlgh congruence, although the degree of the congruence 1s

.
-

. slightly lower t{:dn that obtained for the post-test data. Student ability to work ,

“ rue

‘ on the tasks which are closely related to the content of the text contribute to

-

+ _ this factor, but ability on the tasks which need some knowledge and practice /

does not contribute. Both of these abilities contribute in th}e case of post-test
. . ) ' '

-

. .data. U .

. -~

k4 ~ L 4 »
Student gains from pre-test to post-test failed to sho
S 1 - .

with teacher ratings. We found some positive relationsh

a high congruence .

between mean values
-

L of student gains and those of teacher ratings in the earligr analysis, But, in .

the analys1s of factbrlal sti'uctures in which "the e}ffects of mean g'ainsf and mean
. - ’

ratings were taken_gut ‘a h1gh s1m11ar1ty between both gtructures was not found.

ERIC- -5 5 11y
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That,is, the strongest relationship between student gain scores and teachet

) .. s, s .‘3:1 -, * ’ "' / \
ratings is that%etweEn their mean values. . ‘ v b

¢ - - - ’ . >
< 2. ‘Problemgrand Suggestions for Future Study v N

3
AR

’ L ‘T\ o
In the preceding s/e/ction, we have analysed and disqgussed the,results we

ubtai.nec,l.

will be discuss€d and studies needed in the.future V'!ill be suggested. .
. ~ ' [ . . .

- . -. Pirst of all, we found that the intercorrelationmﬁnggmmmw-*

of items’, particularly, amomg gain scores were generally lower than the inter- .

. ‘o ?
/ U , . . : .
, correlations among'teacher ratings. Usnfally, the intercorrelations among-

/ coghifive tests are higher than those we hav¢ obtained*for the student data here

. -7 . ’
& One reason would Le because what we'used for correlations were not a set of »

long tests but a set of short composites of fohr sub-items. - This was done

i .

4 f ! .
because -we intended tQ preparce and administer as many kinds of items as pos-

hd . A4 . ’

sible within a.given linut of time. If mruCh time is allowed for administration,

. we should use, a longer test which consists of many items, as a unit, This is

particularly important for obtainting meaningful gain scores; since thelr\eliaﬁility
- ~ N . N - .

) . —t , i ;.? 4 o R

of gain scores will usually be less than the Feliabilities of the pre- and post-tes

scores unless both are highly reliable, uilford, 1954, p.394; Cronbach:\\e
,‘ . \

€

/

1960, 'p.287). ; “

We obtained only two oe threeXormmon factors from the intercorrelations;
. among student scores in spite the, fact that we used 54 items as variables,
N -

v ~ . -
.

They account for only a srr?l/portion of the total varighce gf the va{rﬁibles —
p

about 20% ‘for the pre- and post-tests and 10% for

; low communalities resulted from the low corrélations among test scores, and,
» o : ; f

. .,
’ >
. .

- . ) g
L Se‘g the data from French (1951) or Thurstone (1958), for example.

A ~
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further, they came from the fact that we used srall upit® of sub-items as

»

.- a .

\éariabies. Thisdefect was especially evident, for the gain scores. The reason"
. [ . 4

why we could not find a fruitful conclusion from the factor analysis of the gain
. ’ ’ ©T v

scores would Nmostly con're from this reason. 7
” .7 .For the {acr\or;analytic rnl‘odel us-e,d in this st'udy, we started frem éhe
analysis of intercorrelation rr;‘at:ices rather than the 'analysis Qf.variuanc'e-, C
. A ¢ . S .
i covari;nce matrices or the cross-product matrices, In the study of the re-

. .. e . ‘
lationship between teacher mean-ratings-and student mean-gain scores on

>

_items, somnie positive, not strong, relationship has.beé“n found except for a few
J . . k] N .
"items. In the factor analysis of the intercorrelations of gain score, this effect
A ~ N 7 “ 4 ’ P .
- - . -
is, taken out since all the mean values of items are standardized to'be zerc;

With'this model, it is only 1nte1‘est1ng what group of items gained in the same

LI °
1

direction and what group of items gained in other directions. If we take the ‘
. absolute mag_rxitude\of gain scores into consideration, some other résult might
. \ \; ' »
be- fo_und. ) *\ : - - -

The s1m1lar argument may be possible for the .variance-covariance of
- . - Y .
items. All the variances of items are'standardized to unity in the model of_‘ .
{ .

this study The units of measu’rement for student scores and- teacher ratings

~

are differént and the var1ab111ty of the samples of subJects are also dlfferent
Th1s problem ha> not been deeply cons1‘dered here For future study, some

s mod1£1ed model in which thesé effects are taken into account would be necessary
¢ ] 4

On the construction of test’items as stimuli,' the items were collected and

v
’

made in a somewhat arbitrary way. Since this kind of study was the first.trial

for the UICSM subject material, we did not-assume, apri-o ri, any definite

digg_}ensions of variables. This study was rather an exploratory type for finding
o . . , v . . _

what dimensions are import<mt to student performaﬁce and teacher ratings, and

- ' ~ * . * . . . ‘
no rigorous experimental design was made assuming the important dimensions * .
v - . . - . - . - - -

- of factors, as experimental psycﬁologists and statisticians are likely to do. It

. . 4 ‘
. . lc) £t
- - <. . . £, »
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o would be’ necessary in a future study~, however, that the st1mulus‘ materials 4"
/
. a L} —

be arranged from this po1nt of view ‘on 'the basm of the fgndmg from the factor

. e ‘ P N . L. ‘ i s . - \ .
analytic study. . - - . .. - .

re ,4~- .~

Several var1at1ons are poss1ble concermng 1he intervals between the pre-

1
N ’ ’

t-est and post-test. In this study, Test I based on the f1rst tﬁree chapters of

-

the texg was pre tested when teach1ng for Chapter L. started and it was post-

L tested when teach\ng for Chapter 3 ended Test II based on Chapters 4 and 5

‘ of the text was, pre tested when the teach1ng for Chapter 4 started and it was

-

’

post- tested when the teachmg f,Qr Chaptera 5 ended We could of courSe, g1ve :

-
.
4

- both Tests I and II as a pre test when the teachmg for Chapter 1 starts, and

‘,: give them as a post-test when thelteaching for Chapter 5 or the first semes_ter'
- 4 : . .

: Y , .
ends.'Or, we could split Tests I and II into small seetiqns for each chapter.
8 .
and give them at the intermediate po1nts in' each chapter We could also design

an exper1ment so that both Tests‘l andJl are g1ven at every section of the

. -

R -

chapters or some equivalent place,in order to f1nd the effects of transfer and =*
. - Ve M
forgetting of the previous chapters Such kinds of research need more careful

-
3‘- ” ’ " 0

» and long-term experiments, but they seém important to understanding the process’

of student learning. . ) . o ‘. - " .

‘. - -

u" The teacher-held objectives should be retlectéd.on the effect of their teaching

to their own students. Wha\t we want to know is the facts on which the st/udents,

who have been tayght by a teacher who holds such and such objectives showed

such and such-progres's during the study’of c:o'ursé. We used only four-teachers

F=Y
=

and their students from one sthool-for this purpose. To draw a fruitful con-

. clusionsin’ tFus reSpect we need more classes firom different schools and the1r

s ‘L v -
. »*

t‘eachers. A-lohger term and larger scale of research is also required.
- \
At a.ny rate, we are standlng Just at the 1ntroductory stage, and th1s'study
’ i
- ’ hd - \

would sez‘:ve as the first step to the long way to’ the ‘ult1mate goal.

e
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" Th1s study was des1gned to 1nvést1gate some poss1ble relat1onsh1ps between
. - : '_ . 4
‘. teacher held ob_]ectwes and student performance that appeared in responSes ‘r«o

H

sample’s of test items of the' new UICSMThigh school mathematics.

~ .
v

2N Two' test bookfets, Test 1 and'Tést II‘ were made on :the ‘basis of the con-
tents of the first five chapters of ngh School Mathematlcs, Course 1" by

Jis -
- ; e

B ’ . Q
- Max' Beberr;’nan and H. E: Vaughan (1964). Most ‘the 1tems consisted of-four

1

. sub-itemeswith the same dontent.and style. The scores 'were obta1ned for

-ea~ch item by the number of correct answers of the sub-items. Twenty-five and
l v \‘

. ﬁventy-nlne items. were used for Test I and’ Test II, respectively.

.«

Test'I, as ,a;pre-test, was g1ven to 9th grade Pekin Community High School
v N »
* students 1rr-tho1s when classes started, and the same’ test was given, as a post-

*
¢ + i

test to the sai'ne étudents when 1nstruct10n for the first three, chapters of the * -

- Y
Y, -

test dn which the te'st content were based was finished. :I‘est‘IL, as a pre- ¢ -
-~ . /’ v L4 - f a N . +
- .y L on, LY . . - .
té\s?b was also given to the .8gme-.students on the day after Test I was given as

- P
D ‘ * v ' ~

Iy .~ . ..
2 a pbs!,gg,test.. Test 'II{, °as a post-test,was given to the same ‘students wherin- -

struction for Chapters 4 and, 5 on which the test contents we'r'e based was

- N (3
. s A .

. - .~ ’ L b : .
finished. Each test was givert-using the ordinary 60 minutes-class-peripd. .The
: N . &

.S . o : v o - .« ..
gain scores for }54 .students were obtained for each jtem.” .'* "

[ON

' % L ,- A ?iaictor-analytiq methad was applfid to. the thr:ee s'ets of intercorrelations

o - . 1

d . among items, based on the pre- test, % st- tes\t and gain scoges of students

Three, two, and two‘}actors ere obtained from the pre-.test, post:t“est and gain
. o oo 3 - “ - . ¢

- [N 4

scores, respectively. - . T el Yoo o LY .
* % o, . . .

N . R, ., - ) N »,

] * 0 [
. . * A questionnaire was made ‘asking teachers to,evaluat@he suitabtlity. of the¢
. test items (thé same as those giyen to the s'tuder}tsl%e'in an'achievement.
. . . : R .. . Z ” . "

-

- - . h - v o' d
Ce . . > ‘- L . '
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~ . W2 - 1) . .
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test at the end of instruction in given chapters. The ratings for items were
o . .‘ v .

a - \ I + '] R . ’
7a.ssumed‘t_o. be”an indirect indication. of ‘the teacher-held o{bjectives5 for teaching the

v

.

and five factors were extracted. In u‘r';_ler to see the factorial congruence bgtween
|

v ~
’

subject's. The questionnaire was sent to all the tgathers who were using..the new

+

text, a‘ld 105 responses were collected from 70 different sc?lools in 19 different

* - . ] B
. ' < -
o N .0

states. , ,
. !

- N - .
The intercorrelations among teacher ratings, for items were factor analyzed
P : .
P : g

-
4 . /

[y .

- . v P « T,

L @

teacher rat;mgs’ and studept performance, a canomc‘al typé of analyS1s was carried

~

ou,; for the sets of the 'student pre-tests and the teacher ratings, of the studg:)t

) .
i - ~

. post-teé‘ts.;ﬂ’a,nd the teacher ratings, and ‘of the student gains and the teacher ratings.

v -

, 2 ‘ PRI
The factor$ found from both student scores and teacher ratings, were transformed

» ~
. . M . ’

. . i
S0 that the maximum congruence between them was obtained. , .
" 'y :

[
-

The main results found through th€ analyses in.this study were as follo':x'/s‘:

1. No partlcula; ‘rel‘at{onshlps‘ \‘Nere,f‘ound between mean yvalues of the te'acher
;‘atings.and the student po;fon.m&nce’ o‘n elther_*'pre-teet‘ltqems or post-teslt items,
even when the mean V’al.ue,s*fo.r:P.ekm‘ teachers only w..e;'e corsidered.. S
K 2.. A weakly pusitl‘xe relat;or_lshlp Wa-s found be'tv'veeh meah values of the

s .
e,v‘ “

teacher ratm;’s andg;tt}u étudc nt bams " The teac hL‘-l'b. vmphasized ound under-
- ‘m, N . ) .
standm"g of basic (unccpts E‘ather than thg ‘simple romyloarm‘ngﬂ ofwrmathematical

- s

.

EA

¢

concepts or. ‘.sxmp,ly mechamcal cumputatwns " Gene rally, the student progress

-
B

meets this kind of teacher objectives, but the students ehowed the h1ghest progress
‘ \ v

- - . . . i e -

' »

&
in numerical type problems for which some, practice was .requ1red.‘

. . e N . s <
3, The fjrst princifal factor for the student pre-tests indicated a general

® . * «
. .

» . 2 . ) - T M ’
. * aptitude for learning mathematics. ‘The ability to translate a verbal statemeng”-
, .

T
i

)

4 M . » - '
inf mathematical expression, for exarri’plc-, was important, while a compﬁ-
tational skill itself .was not important at this stage. S
4. The sec ond,prmcif)al factor for the student_pre—te,sts was related to C e
- . o - ’ E .

v . ' the order of the items which the %tudent attempted Time-copsdming items and

. _
.o - . @ Y e om . R
. - » o . P KRN -

‘y - . s, 1:,3(.1 . ' - . \ ': .t . . P
- LA . . - 13 . . I '
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. the items near the end of the teisi were likely to have high coefficients on this,
-, factor. . s ’ : . 4
é The third principal facton for the student pres#ests.was hard to interpret,
< and it was left unidentified, - .
6. "The first principal factor for the student pdst-tests indicated general .
a(chievernen!; forl mathematics related to the given contents of the text. The abil-
ity/which wa

= - ' * <
$ emphasized in the text was closely related to this factor.,

. . <. . L W)
7. _The second principal factor for the student post—testy\:seemed to be ‘
related to a deductive~inductive factor. ' But it was not clear.
. N

- 8.

-
.
7
4 . -

The factors found among student gain scores were ambiguous and in-
3 . ..
&

[d .
- - Lo
t&'pretation was considered too tenuous to w ant further consideration.

Ly

- -
A

as

9 For the p)r'mcipal factors for teacher ratings, 'the’-f;x‘r,st factor w
. . : . . ~ -
related to individual differénces in the general tendency-of each teacher’s ratings,
2 . \QL - -

i.e., teachers” general response set. Items’asking for the understandings of the

basic mathematical concepts tended to have high coefficients on this factor, and. -

. J
items which wer&irxelevant to the test tended to have low coefficien

ts "
9% ’ ’ )
Ly —

10 The second and the third factor were related te the irrelevance of the

PRl
- . -t

-items to the coptoamts in the text. The second factor was related to simple com-,
\ 1
putational abilities which wili be taught later.

The third factor, howevet, re- -

. - .. , 9 s . . M i ) 5 ‘ !):‘_r .

ferred to abilities something apart from the text. The second factor was.also
, . RN .

related to the conventional vs. new mathematics problems.

] 11.

The' fourth principal factor referred to a conteptudl
B v ’/

vs. algebraic
ol "& $ ". .
& ability. Some skill of algebraic manipulation such as simplifying mathematical
Y e ) ’

expres‘gf%risgéndfsolviﬁg equations was positively related

to this factor.
. Y . s x ngf
N o . - A A . . (34
12. The fifth principal factor was difficult to

ingerpret and it was left
3 g
. " unidentified. &

v 4
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“
-
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13, Only one factorseach from student pre-test and post-test data was con- '
td q‘ i - ~

’ 3

- .

] grlﬁent with teauher-ratiﬁé factors? Tht’- cotigruent fagtor‘ between student per- ’

~ .
¢

forrance in the pre-tests and teacher ratings was related to the knowledge that:

. ' P .o [

Te i ~— ~ b . . ,
students already had that was closely celated to the contents of the text. Wbility
’ re i P ’ :ﬁ;‘é - b ’
which needs practice was not important. The congruent factor between student

1

performance in the post-tests and teacher ratings, however, was-more related

-
< ’ ' '

to thé achtevement of the objectives which were supposed in the text. Both basic

. -

.‘COncepts and aléebrai& mahipulation emphasized in the text were 4mportant for

s 0 .

-

both studenfs and teachers. " The contents Wwhich wete not taught were naturally .
. » Y

unimportant for both studcuts arkd Qeachel':z‘;. It should be noticed that the first
’ - .- .

l . L

principal factor for the student performance on the post-tests was itself ‘most

<
.

congruent with teac her ratmgs.{Tl’?&' two factorial struttures.matched with
' PN - ‘

\ ) A A A . .
students’' general achiexe&ﬁ‘ent and teachens' ratings were highly congruent
g g ghly 18

'S

. b

. (cgg\{fficient of congguence, . 941). . . .

- f
. _ : . ) ’ ;. .
14. A low coefficient of congruence was obtained between the student gains

and the teather ratirg-, and no consistent patterns were found between them.
. o F i :

.

Y

i
vl

> . i p L AT
The two factorial structures, 'in which theseffect «of the mean values of student
. s’ . ’ ¢ L Y

¥ ¢ - ’ . . ’ .
gains and of teacher ratings y»gre taken out, were no/longer similar with each

2
-

other. JAlthough there,was sorhe positive relationship betwebn mean values

- 4 . * .
of student ‘gains and of\teacher*ratings, the second matched-factors 1n all three

f A

7’17‘9 non-congruent with the teacher ratings. .

L

v : - .
cases of student performance were

15. Finally several problems included 1n this study were discussed and

~ 2 - ¥
. - . . . 4 N »
.. some necessary studies in future were suggested.
3 . - e ; .
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Intercorrelations of Prd-test Scores among Items®
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Circle the numeral corresponding to the ‘c'hapt,e.rs in the new UICSM .
. 4 v . '
Course 1 test that your most advanced class is now studying. = * = . -
. ) " . . ’ . . "%‘ﬁsé“*"'“~ » .
1,2, 3, 4, 5 6, 7, 8. 9, 10, . L
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. » . - i Y \ - h - N
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¥ . ¢ - *
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When did you last teash these units? Fall *® Spring Qf .- \ '
b 4 [ - d n ; i .
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v \ . ! - 4 . -~
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. . , . ©y ,* . :/
. N - - * - 1 = - -
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How many courses have you taken imm.which you studied tne contents. of the
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O . 5. X . :
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. o = 13 T e .
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: ' .7 -
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j ‘ SRR B 2, ~ 100%, )
! (m) ' tcacher R S S L J ULCSM project
; o ; . )

constructed 09, L RO 1007 ¢onstructed
§ . . (] . ) 3 . n
! , , L : ‘
i) ) !

o 168 e . :
ERIC -~ AN W -

! )
oo i S ; - . )



" N . B
. L. % . . » 3 Ll . . : . -
B . R R :
2 . .
. - ' i e b r | -
Vd “ B N ™ '
. @ 3
. 4 ~ - - ° & . s . . 4 . ry
. ] . PR TR - - -
. $ % “, ) - - o ' ¢ - ', N .
- . 4 v
* " ¥ : " :

1. Usmg_‘ ‘the b(.al'es below, rate a1l of {}t items of+the enc]ose T:?s'{ I, / r"

: Indicate yW¥ur Phting tor'each iteqn by wlacing’ans'xX' in one of. the 10 boxes &
“of therscale aorrebpondmt_, {o the, xu m. Mark the box.on each scalg, which .
mdxcates how good the’ item \Aou}dabe, in ouﬁ.opxmo’n for 11’1clus:on inva — &

test to bﬁ;ven at the end of $lie 1nirst thr-ee chapters of thc new UIC?M e

L t’E@ for rse o‘ne,. o . ’ ,9 g . = N
P . . - ) .. q' » . LS -

. . 4 Every item exdep (p "5 and No., t© _has four, sub-items. «You should ¥
’ H ; v ' T Y
P ignore dlfﬁerences be etween the sub-items of a given item ang rate edch :

’ .+ item as a whole,. , ) ‘ . . P e
' “ . . N .. . ° s ) : : » . s - .
PN Plguse, do mot omit any ltLl’ﬂ i v can, dese ribe the reasons Tor yoq
* rating brmfly, do so inithe Spd(c h&{ed at the right of, the. .ratmg scalg. o
= . N * ¢ e _— °
, . , v G
* E-4 s ° . LT ., , ¢
- - - . , N . L . 4§: <
- Item No . ) -~ , Reasons ¢ Ll
‘g » 4 2 A 6 . 7 Be (}’ [ RN
o et . .
1 “ o
w N o e R S
“‘. - +— » = T 3 0 T, > 7 o K
e i T, ) , ] ; -/

.

T A
. L. D . Lo i , ) f
* @ v 4: 8 " (} PR S ¢
! — .
: 5. 31T L
Lo : ; S g
| - N - !‘ oo e R
Sy 2 R . >
N .’ s ? ‘g”. 9 o ~ 1

— ,
- . 4 * ARG -
- . — bl - » *
4 . - r " — e - ,
, N - L _.]_] l: ] e
- > ' - -
— T T ‘
- L
o go od pertect ! s .
. J N -~ 4
- A’\ - 1 ) °
L \ . . 4 2 q ke ' g
oy { r.u,.\i 1 ’ - FER] N
- ¢ : . .
I T R N
d ~ ! )
S 1 . - " p o
.o . 3. . et) 8 9 A . L.
, N r““.? . ..
AP t; N LA A
S—— . hd -t— *" e— Tv v ot
0 T y L e R

a o
. " ’ ' ‘
.
° ~ . ' . &
. . - . . ve . .
] . - 7 . ~ ‘e * - »

: . % L . . 4 " e

v S i . . . LS B, % R
’ ’ “ ~ ' - . M < .

- . .

T L] . ', -\ . .
Qe A ) . ’
P e e . ~7 . A . . .
-JFRIC , | R R y

.
. .
o | . T - . , . A .. oL
r M * »~ - b S - - & -5
. . . B . . - - . ~ - v
a«y o, P 4 y I . » PO Y . g *



ﬁ‘ o 7 _A
N ~2 o, '
P <
P
[
. )]
© <+ =]
' . o A
bd MMW e
. Q . .
o
kN - ’
..Hr ¢ \ra
RN i
d L
\\:.V\. @
. Q.
o T e}

CTJ)

0
) r o ° .
/° worthless infer

- »ltem No:

‘ »
0.
good s

3
L
10Y; .

6 LT
¥ l‘ Y i
uperior

-

< Y

!
s
™7
()
T
PSR w
H, -
ey
9
-,
perfect

I
6
=
b
+
c ()’
iy
. ! ‘
B Qf ’
¥
superior

i
1
7
i
L]

i

4
-
1
¥
2O d

7
=
"

{

worthless nferion * -ypo.
, v v

.
- .




i

1 4

I
good™ ™

ra

>

F

thi

~

"

perfect

¥y

superior .

€ss

wOoT

-

inferior

-

s

1
i
N

Overall, raping (How tow

d

|

r

&
LRG0

)
.

inférior

.
-

|
. worthless

e

i

Y

re 15006

J

[ast-t

¢

e [
- f . -
L . . .
.
-
- \ *
M -
. . - R
. >
> ’
- .. «
I N A .2 .
*
LI 4 v, v
Y v .
' - - ‘e .
\ . .
! F o : )
'
‘ . - <« N
* -
o SR
. .
. o R
.
\G h . o ] < hd
! ~
«
- ‘ <
LJ - -
NI
-
.
3 L R
. .
- » A .
vl . * 44
- * . ~, - ~r
.
» h v 4 I'd - -

L4
h.
u\.
A
,_' 4

P
&
.
4
.
-
¢
,
O

.
:
.
.
.
PR
£
.
Q@




g v ; R s v ‘ i A Lo
s 0. . AN Lot 2 B o . :
Lo Y L ‘ 6
- . 0._ E}
. [ . - - .ot
. , . ey . ey Lo
12, Using the scales below,, rate all o[‘;he items of the enclosed Test II.
. . * Indicate youri_mg for each ltqm by plé.cmg an ‘xin one of se 10 boxes
= . ofthé scale ¢ rrespon'dmg\ Yo' the i . Mack the box on each SCW
indicates how good the item. would e, in your opinign, ﬂor inclusi in a (“
test to be given at the engd of Chapter 4 and 5 of the new~UIC$M text for L
’ course one. . . 4 : A I v
4 Sl ® . ' ’ ‘ = KN . , ' \ ¢ i *
' Every item except No. 29 has four sub-items. .You shoquld rgnere differ-
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l. Single quotes, . ’, are used tq set off a written or printed symbol (word

! numeral, or other expressmn) about the symbole itself mstead of the thing

.

. ’ . * Y,
. HEES | 5 represents. ‘ ) . - ' . : ’ =
T (’E:;:'a,mple‘s) Ada is taller than Penelope but Ada is shorter tha.n . N~
A ' ‘Penelope’, -

‘3" is a symbol that represents or names the number 3.

It makes no sense to say that . 0001 is larger than 3.

. -, But ‘', 0001" does take up more space than ‘3’ »
- 4 " Circle the %tter 1r£d1cat1ng the séhtence which makes the most sense. - .
e ) . A B C. ‘D (a) A. - Mary is a part of Ma’ryland
S - B._ ‘John' haga” 1etter. John has four 1ettver8.
' C C. IHave trouble with my pen when I make a 3. : >
v . - .
r :, : D. He erased the ‘5’ and put a ‘4’ in its.-place.
. ' y SEPT. ' < a , )
> A B C D (b)y A. 6 The calender has the number 6 on it, T

J -~
B. ‘11 +3'is NOT-the same as ‘2 X 7.
€. The number %— has a numerator, a fraction-bar,

and a2 denominator.

' ’ + D, 5 There is a ‘five' on the slate.
[ - A B C D (c). A, 4 is an even number.
s B. ™4’ jis a numeral for 4. . _
. . " @.' 4 is not.a number, . . ’ Lo S
A —— ' - . ° A B = -
’ ' ¢D. 4\ is a numeral for ‘4’. .
‘4 . A+BC D (d} A, Z+2 isthebum of '3 and'l'. . .
P . ' B. :2+2"is the sum of 3 and 1.°. oo A »
’ . C. 2+ 2 is a name for '2 + 2'. '
s D. ‘24 2 is a.name for 3 + 1. -

.
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- .
- . N
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! » . -
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- . . . .
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2. Let us agree that ‘the number ‘2 measures a 2-m11es-to the- east tr1p .
- Then "2 Jmeasures a 2¢fmile trip in the’ opposne d1rect10n. -Fill in the
‘¢ blanks to make the statements true. ~ " Sy
" <
g:u SEONEBACEEE
i . -
. _ _ © —%East
(Exa'mple) A trip from D to* E is measured by £, )
(a) A trip from I to B is.measured by .7 -
’ S
7 A tnp froxq E to C is measu*ed by . U
A tnp from A to F is rheasured by = - ’ f'
‘trip from L to H is measured by
-
N ] . i "
‘5 A ‘- @
. . -~ .
- \ b N - ’
- Aoy
4
.
L} N N
¢ . r N i”:
d ) v B . ) > . ” A .
- 1 ;*. \
’ ' vy IF . o . .
N e ‘ ' : .
D e “ ) "".
t . ‘ ¢
r3 14
) - ¢ * ) 5 A} =
. N . - = .
- ‘\ ‘ . ’
4 -«
, [ _——
.. . » (. N
' . \ . .
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¥
N
s
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° o ce
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3. Fill in the blanks to make true sentences. -
. (samplg). 3% 4= =/ R
L (a) ZT+78:3 =1
) © (b) *a.3+%5.9 = )
) 3.2, =
) 5+ 55 .
' - -1 ‘l - . W -
ALUNE S A y
’]' LA W ‘
P i ~ . - . [ %
1.' . . . /j_l .
, ‘ ’ ‘
!\ ) )
\1\\ » : . . . '
- S T \
. e ' ‘ . . -
: 4, Fill in the blanks to make true sentences. - . .
. o (Sample) '18'-i: W =0 . L ’ .
o (a) .24 = "3.8 : - - \"
> .

b FLa
G (b) - 4 -
24711 =

o o
8 +

-l.
2"

+11)

=

= 8 - 3)

R .
ce .
B

[y,

e
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. " Suppose ‘that a tr1p on’ "a number line from point Ato point B’ 18 measured
. 4 -

' by *6 and a tr1p from point B to pomt C is measured by 10, I t?ue ;Jomt

A is *7, what_ real number is pomt C” ercle the correct-answer,

o
~ v

Ta) 13 Lo (B),"'4 " {e).s ; ’(D).'3‘°Y:° (E)- "¢ . . '

. . +
- * A
» -
- i

~)

f;.

A cychst and a hiker, both. start movmg at the same, time an'd in the positive
* 3 direction. The ‘cyclist starts at A and thex hiker stﬁts at B On the

IR number Hne above, which can be used to represent

<

e movements of the _
-0 ychst ahd h1ke;, pomt A is located at "6, and pomt B at *Z. The tyclist - -

passes the h1ker at -C {*6), continue$ in tne posrtwe direction untﬂ‘ he

Ty

' reaches a Certam pom‘t E (not‘shown) a;. which.time he de%es to return.

A ‘to A ‘As he return.s, he _passes the hiker at IJ (*8).: If both travelers are o

'movzng at steady ratea, what is the location of the pomt E' 4t which the .
. P cyclist’ turned,’?

PR

ercle the correct answer.’
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1 7.  Fill in the blanks’to make,iti'geientenc'es\- L
. N ' el T ‘ lg
I (Sample) s x T =20
' N - " + | . ’ _zé"
ro (a) "3 X = *18 =
e , . —_— .
{b) X7 = 721, . )
* < ‘ . + ’ * x- I ) § * - =
(c), '3 X = "t L )
‘ « 2 » - ’
. no(d) %*3 = 0 ‘”
“ \Qg ° ¢ - N - . R '
t - v
. - X ) 7, ! -
; 0t S b - v, ) .
- ¥ .:-c A . .
- ” @ !' .
. . \
. ‘ ,
‘ &
s ¢ ’ -
v . )
. . ) .

‘ - L T )

. ‘o 3 ~ '
.+ 8. Fillin the blanks to make true sentences. ’ t .

- ~ - ¢ . - . ‘ ,
» ' . {(Sample) "3 x°4 = Y2 : * .
- - ’ ‘.’5 . : ' - ,
' 100 X 2 3. - . .
. H{a) "1 5 _ J
. . . s o T3 . K .. -
<. -&_ (bl 5 X _fﬁ = . ‘ . 2 o, « .
. N g+ - ‘. ' ) - *
o 2X73)X"4 = .
- .(?7 (f2x73) x74 .. .
oot e () Cex(T2xTsr= e = -
R . . o« . . .- h\. v Y IS i
- b \ . ) ) ) : -
; v ’ . ~ o ® 7 -
’ - . ‘ . .
< . -
. R ' —

o . . ) s . L1 )
Lo . . ‘ , T
e, * : - * ' .

4 ' . - S ., v v
- ) L3 * .
' ) '1‘ - + . '&. : .
N '4’ LY - N o \. b ~ . - e *
. B ¢ ~ 3'_,! { . ~ s m‘
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s - . . xnt G N, e . . . ., ¢
v . A A . - 5
;" _; . L4 P4 » . + o ¢ - .
s ‘ ' i ‘ 0 q- . 6 .
Y SIS S : : .
v M RS ! ( . . . . M
.
. . } . . e
Baid ti y ¥
\ , . .
- . . R
S vﬁ B s & - v . . A4
. Al . . ’

9. mpleté each line by the expreﬁsxone given ta show the conven ona.l '
- ﬁm‘?der of performmg the operauons.;

1 \

(Exagp}e) ’ 3+5><2 34'(5-/'(-2) | ' o
"(a) 2+8.;.3 - > . s ’. T L

R4 , , : L. e . a
o m e R NP

T PR R
& Ce? . - =

*/'(\c) ex8 2 ¥ A ,

. . . . » R
. [y v . Y
, e . .. ' bl . - e
. g ° . .
. - .

_— -i,(é‘)"“l'”z"-_'s_x.z; . I & ' E

- T . ey & o, T
RS RN - . . < . . . .
* - L - 2 g s s (‘“. R :
.. A : | 0
3 ° -
0 -t - Ps
2 . .
I 8 b ' . 53
* [ . a
L [N ) , ' - 4 t
. 3 . . t A . . P v # .
4 . . ~ Tt . L P .
. . . » . <0
. . * @m N Q) \ . { i ..w \”i" ( o~ . B . .
‘ ¢ Q- o ) f . . . ,
. + e . : [} . ’ . -
; X - X st . ' \ .ﬁ - » . . . a ‘«
" ) ‘ ' ‘ - : o. - - ’ . . ’ . y
P ! + ‘.' to " - - . . -.:.e i v .. .
10, Fill m & blanks to make true qgntences . . - IR ’
. \.—% . ’ ‘ '..‘ .' .
: - e - e . - -
£ . . (Example) -Z-X:S X«S‘ = - éﬂ s . - S =
g, . L R .? ﬂ% : L :’, : . N - ) . » .o -
% . \ . B - S . . .
! ] .’ (a) 3¥6 - ZXS+A. Z Yo “' . ’. Ta * . * i ' i
¢ . ’ e " - : , ¢ - IS '\ : v .
L “(b) 18- <§+6)-8-z e LY L
- -,- b * < . - ° : T ; N
R OF 7xc8+45*(6az> ST e
. - x . . o ‘ =, ‘ .
@ 13 - 3‘%;8 Paxz)ys _n et : s T a
}"‘o ..' - e .,‘ . W f§
: s ; .l' .. o , . . - ‘ . . ' .l 0’
. - ‘. .o ". N . ‘ e f - » ° < :
» ° . 4t - . [N .
. 2 L . A .
» * = " ’:0 ' Tast
. . L - . R . "
¢ v, B . - .. > .8 ,
0 s ” f\ - -
o . L4 s N " . '
- . 1 ~.\ e ] )
’ ’”. ‘ L7 ‘ - . . K " . , : \-a s -xg)ﬁ (1.0
. 3 ‘o 1 .. ER . N . - :
| - J :\ -~ ) ) J“‘, o &)ft . s ’ " '
4 - -
* T A __l 'l (\.) " ’_ ¢ ;:;J - i3 . ) = . 1Y
. A\ ] - v 7

PR i C . . R . : ’ P ot N s - -
l: lC\ . - ‘..ak- -. :‘ ‘.:—#‘\ . B . ' (. ‘ .
,ﬂ e T W B et B E v
. | - ¢ L3 - A r r
$ Y oM . , - . . . .




- « v -
L4 ‘.)- J::g. v I - . r
’ .', v [ PN
f < ] - * s . o . ’ "/
’ * - P
\ p— 11'" F111 in the ‘blanks to make true sentences. : A;,
N (a) 194 = 72419 7 . N :
(b) ge+3)+z=s.6+( Ry 2y, r
. -',f:(c) 2X7‘+ ~ xf (21-3))(7 BN R S A =
- =5 o K . ’ ' ' ) . ¥
Coe Tl @y 5+8)= +8 X4 . e ‘ ' o
T @ K s (ks PPN - S
S . \ o . b . ‘ . s < ‘. T 44 . ~
» < Lt : /f . Y . °, . A . .
" ., \A,’/;;‘V b ' .- ton - - 6 \& \
o i ’ 3 n. " L4 ' I - \‘ ’ -?": ’ ,ﬁ}‘: - e \ -
i O : r 7
' ) i ., N .
¥ ‘;‘ﬂ , .'§ < @ - v N &
. . . ' .. . .-"'}‘ . . i:,h N I* n‘
’ - . . © 4 )
» « qu &'I . . g 4 a Q T °m ‘ * ’
i T, ) ) ._ & . § & Rl .
‘. . N . ™ i ‘?‘ - v ne M ’
“ o . ' ? i D i .
< $ ., L4 - . " , - -+ . , L
B co . - s >
. . . ’ ¢ ’ .
3 *- - & [ 4 i
- . T N C . b
. 12, Here are ffve principles f_or real numbers;: 2o % N
) = (A) Gdmmutative princ1p1e for addition (CPA) A °
(B) C mmutatwe /prmcrple for mu1t1pl1cat1on (CPM) _ ?"“ e
S C) Agsociative principle for addition (APA). - B ) ’ A
‘. * . (D) Associative principle for mult1p11cat1oﬁ (APM) - . ‘ﬁ .
° . (E) Distributive p\rmcxple for multrphcatmn over add1t1on (DPMA.) E
o ‘- f
- %ach of the folIOng sentences is an instance of one of the pmnmplea .
Y . 118& above ercle the, correct letter to J\ndlcate the prmcxple which is ’,
N used - D AN
A A B 'Zc‘“fp,e E (a) (9. 837 + 4. 652) x&ss D S
(A . “;; .. .

et LY : . (9 837><317 589)+;4 65z><317 589) ".f\ ‘.
) , ‘\ B ,c ﬁ JE (@) (1 4)>.§(6'>¢ 17) (1 +74)x X7 . ' .
‘A B. C’ D E (c) ‘17+(12+ 9) (F12 +9)+ 17

L ., LI s -

e ' S oL L5y o3l .1,
i " A-.B & D E (d (3 3)X(2f4) Az )><(4 3

. - . . 3z 3
, N . L4 .t * . . -~ ’ e _
v . . - Lo =
H d'.. . - - . 1“‘} , . - . . , - N
4 - LA 3
_— - - L) .
\‘1 ‘ .. ‘ t. . , ‘l‘ i - ) PR
" v
ERIC - , . , A
- - wof . i
A i ext provia c [ - - - ~ LI B . -
. M M . . . T .




nT ' - \s-L< .8 '
1 3 N - " t ; .
’ v ':‘.. N . )
) 4 l - . : ' il ‘ ¥ ’ y . * .
j o . - o . /l g ]
v . . L . . . .
) * J A ’ [y * .~ 0t -» .
» 4 . . ° . N . ”- Y N . _'54 . °
’ ‘I / .t ‘é ‘ & - 1 .o
. . .. ) " . o K |
. " 13, Fill in the blanks to make true sentences, - : . .
o e T Ly * ' Y .
\ o . (Sample)_ 6 -2, ol ‘ .
' . Y v . ~ . .
LA (2) ‘12 -*13 = > Ll R , )
! . Q - - , ’ / ~
’ R + . . ! ° .
: (b) 12 - 13 = oo - y __— Lo
’ : . ~\ . R S ———— \. \
_ A . i - )‘, o e - ] .
. . (¢) 12 <710 = R . . ) , .
L 3 ——— . N
=y ) d. N ’ ) ) ' §~ e ' “
’ CoAd F12- 1002 .
. _ P )
. . \ . Do , 7 C e o
] * . - ‘. -ﬁ
. , ‘ | )
- : ’ . .
- L] . . . . ;
’ k4 .. . , _ z.
s P s
. o -n % . .
N~ . H . B . )
S~ ) - \
o . . R . > ! N . - ’ -' )i
A ¢ . ‘. . K ) i . . . ) ) ;:‘."’
ey © Y * &, ’ :'{
4 . K . 4 N o
- < , v . i \ v . i . q-. . o
- - N : - .‘”‘Xﬁ_ ‘ \ Ve e e e e . . '_._w: ‘f“‘ R S . m}:*,‘“..,d.
) . . . M
: A )&- ‘; !.1 % . - - v .. . \
. . ) ) ’ <\
Do . ~ . {;’ — ‘a J ) &
» s ' «* . ) . g‘\
’0 ] ' ” N . - -~ . .
. 4 4 . . ’
. X & R . . ) .
- 14. 'Fill in the blanks to miake true sentences. - . H , .
+ . . - ’ -
. : 9 "\ L. : N ’ . -
. ° (Sample) ‘6 —-t2 = fﬁ . s c,.
o L ) w ‘ . B S .
. ) VR oL ’ -*Z +1 _ ! " - <L KA ﬁ‘,
L <la) - =2 % .o ‘ T e ,
3 . .o - - 1? . N . ‘“\-
' v B gty ' “ N AL
- . _' . . * 4 8 -~ ‘ % G ’
." * r + CL ‘ . N : ,‘"{ % H
Y (c). 9: 6 - ll- 3 = v + T v . .
’ ) B . ) e * ! . . [ ‘ i
. (d) “17.1-%9.3 =~ _ ~ - ¢ : ) .
* e ’ .y . . [} .
) - ’ ) » ’ v .
o LAY , e " . }' : 2 . \ ,d.: P . . . . ,“’ .‘ . .
’ . a * \ v . ) . ) .
9 o - kel -y , & ) ;1 N - _
s , . ‘ e T ’ . % L.
' ““ ‘u ..a ' " . ) ! . “ . .
..‘ .F'" + r . ‘\
r N \ - ‘e R * . oo . K .
’ Lot D ' . ’ 3 .
A ' , 'y . . L/‘\ } P '\\ i
. - L * - . .
PR R ST s . N .
. « . . . , . . . RN X .., .
' . 0.' - , - » f a .
:\?’" ' &i.. ; 7: ' [ - \’/I « * . . . c’

: . . - . v o,
A & 6‘ Q“} -
—~. ‘ : wt .
o ' T a T L . 3
’ = s F . . .‘i
ERIC | - et . .
. . * \\ . , P
° . Ea
. N , B -, K R . i -



A v . o o, ) . '
- ° 15, The opposite of "4 is "4 and the opposite of “4.is *4.. Th&‘)@ion of
" oppositing is \glrit.te'n‘ 'by a'rriinue’ sign ‘*='". -Thus," ) RN

° \

~. . ‘:':f4 __:?-4,,-_-4-= %4 'anq. ‘::_4-4 = __—4 =d+4 . \\' .
N - . * R , 0 . ) I ; ’.

Circle ‘T’ for ‘True’, ‘F for ‘¥False’, or ' ?' for ‘Don’t know’ ror

. ‘Cdn't tell’ for each,of theiollowmg sentences - Tt P '
. T ,Fu ? {a)’ —--3 = -3, o e N

T
. - T F_,‘? (c) —-("+5 ‘3¢—s“_ S
T

. F 4&) -(15x 3y = 15X 3 . 7 S
. o e :

3 . . : .
- ° s < & 4 . ,
= , Y . ,
<
. - 4 . L
2 L N s Y .
]
gz |, P . ‘ . .
. —L s
. - - S | . )
a . " , ¥ - ‘ .
. - . . R
e .
=z ~ <, -- A v
v« £ .
. . ”» . & -
B . ’ . ~ < . -
- - L4 r = n
M F \ - * . ". ~ , . ‘_’..v) - Vol
- . -
‘ ! ?‘ *' ’
* ] LY « o4 " L ¢
‘ . -4 \ "
\
- » ¢ . .

16. C1rc1e the letter of the expressmn w’h1ch is most.’a‘ppropna?e for filling in
AR theblank ot . - P v

[ \ , ~ " . ; 2

A B C _,D'“{. {(a)_ The sum’ o’f"apomtxv’e 7.and n&atwe 3 is 8

# - oY ,(A) 7°-:3 (B) 7-3. Lc) 7 - *(D) Y 4 73
L v gl - g “

bb-/

.o A B c’’ B, (b) 'I“Be d1fference of negatwe 5 from negah‘ye, 3 ;

>

y T .. (A) B+ 5 (B) '5' (C) -3:-5 (D) '3—5

; ~ . v
3 ® . . e S

. . e S
5% . is ,’1"’,_‘.'

o ,.': " .7 = * . . .
‘ Sy . (A) as Yot (B) 5+ 7‘ (C) .75 - 775 (D) 1#+75 - 77
.. X ' ’
e oot DS . . .
A. B C, (d) The d1fference of the oppos:.te -of negatwe 4 frorh 9 .
: R ."' iS . { . (" . ' ) -
. : . ClA)*9 -4, (B) 9 - -4 {ftc) 9 - 44 gdﬁ’e -4
¢ ) [ ‘-." ¢ ‘ '- } . ¢ ‘ ’ " . *
. L ) e, : = - « v . :
: iiif%'. C PR R 3 '
. i "’.‘."‘, . " Yo, . TR ] '- A \ . ! rl
e - ~ 1 :.:‘._L' - ' s"' w ! Lt *
ST | R R S e 2 -
- ; . 4 ? 1 ‘,. ' -; ; ‘” . £ .

: = . . A ) .
4 . F ?'(b)~—v7+—*5"/2 ’L/ N ~,".", L

.‘A . B. ”t?. '13.' ‘k'.:) The *aurpeof negativeﬁ_ﬁ anrd :the_opposit'e o‘f'negative 7

.
.
s
'
.
»
¢
3
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17¢ Fxll in thé blanks’ toﬂqake true pentences. S o "
: L] " \ ‘~ r, \ﬁ' ". Y . § \’ ’ '
"(Sample) TLTI5 B30 S e 2
N N %o ———— - N . B . .
N ! . v ",: . 7o N &
~ + . - = . LI -~ U2
3(a) 8 +72 R T, ;
) - : L. , A : . - .
s + -— . . + el . s
. ‘(b) 12374 = ¢ - , SR ur © . .
. . . T o - !i . * ¢ * {’
(c) "12 % F= 2 : R _ ¥ ) :
* o , - -::fq/z <, , R i i _‘
: hd T .- - 3t [ ¢ - 4 -
(@, J25= 4 ST e :
. ¥ - N . el .

. * A} -
. . Wt
N . .i's . L ) " * e .
- -) v >
. ! . . .
~ . . R
T 3 e ! '
. s P Kl - X
- Aty ?-4' ?-’ . . g&"‘:z -
- i ¢ v i .
PIRRY: % 4 T Li. T
= = R Q‘%o' g L, , . ( = 2.
LY - H v . .
. 5! . 4 » . - - — } ) _
- . 0 . \ 12
. - ! S .
. ., . \ R 01 .
\ . -
. -+ q; . ‘17",» Ps -
- * . . <
b + -
‘ * B ‘ 4 v, v . ANt .
. T s, , .. . . . . .
.’ - - 3 N '. ) ’:ﬁ s
¢ ' s o,
v ,18. Fill in the blarﬁs\to ma.kewtrue sentences. : RIS .
4 - e 2
+3 . N .
‘6 4 2 = Lo .
(Sample) Z . .
: e - i ! Y, % .
: K ' : . . &,
* + ¢ = - ‘ N e e “ ’ a A , re .
’ ). 'l £73 = . ) ) [ T .
s - :f\ T . . ea - - TN - .
c2 S e
) e . (b) /"ln - e = 2y . R . - N )
3 ——— . . P "
. . A . . * . ‘ e ‘ . ) .
3 © - . ey
, . (C) _‘.6, - ~ . = .§ LI S
. . —_— = = :
‘ eie-z g . ' o s '
. -, . e . 4 -
5_ : ."9 \ . / Y N “ K k4
¢ ° 3 (d) --—-.-—~: N . . v . .
RN -3 A e e S
}q ' - . i : * .
-t . - ! ’ - ‘ N
L4 ‘ -
~ oo . 4
RN : . ‘ :
- ° e - . . - . = -~
! N _-, . ~ 3 0 N =X
FE ~ ’ - “ — - .
s ey N . M ! - .
ow ¥ ‘ - . - D] v L
B N H : , i - .
r % T . ~ ’ 4 ’
- A v - 3 . .
"t T . - 5 - s . e . X
M Y v 4 M ~ IS . =
. ) . L S ) . - 0
R e JEPREEY Co, -
! ] ., - N L - ﬂ' . - <,
- . .o . . T L, = < ' .t s .
ji‘;‘ , L - . D o . LY ‘ ‘e -
. ~ . . ",
£ B ' . . . 3 .
[3 g . 1} . . e .~ L 4 ] 4
\ ¢ ‘D. , o=t - . . N ) . . . ) \ ‘vl\i \ L
Q - ’ v e . . . %_. '
= - i . . -
ERIC .+, | . R S ,
. -~ & - , 2" . . - . -1



‘ - - - ’ et
’ * -~
v L ’ LB '
. . 3
- t » . i 11’ ‘oa
- Y
v - » /‘l. ’ ' " . . .
A= L . ” RN ¢ v + * -
€ ‘Q S B oo By . - . G T, PRV .
' L =, . NV A - . 4 .
v 19.- Clrcle T' for * True , ‘F for ‘False’ " or- . "‘ for ‘D'on‘tﬁc“ﬂow‘ or. R - o
Y ,{ . ';
’ ‘ca n't tell’ for eac?a of Ihe followmg sentences ( < means 1s "less,than' '~ -
- U ,and “>" means ‘i5 greater than'.) . e .‘* . . i
. A ! ¢ . L
. P . 4
o . (Examples) @ F A 8 < .*)1 . . = y i
'y ] - . e : ) ‘ . L - ‘e
. ~ . " g £, 7
* . - ? ? ) -
: . . L 'F ) © ~ . ¥ ‘@ f
- - ? v i"’; . e * - - ¢ .
- T  F¥%?  (ay "2 < 73 J ) ” e ;
° ' Y ‘ * ??;S: o~k i " - 4 : < i
& A - 4 . U T N ~ ¢ -, P
. - « T E 7?2 (b) "2<73 \ I / .
\ ‘% o / ’ - ’ . “ _
‘ T F 2?2 (c) .01 > .00l . e Lo _
' + J [ 4 P .
- . T F ? {d) % > ,-173 - > R <, ? .
A - . :
. : _ - . . 2 o ,
> ¥ N ~{ ' { ° : ' :
oy - . & B Y . . L ’ . h
4 \ y .; » k . . . ' A - Y \t
) ’ . v .
- . A' » [y i -~

[

.

]

1

4’:%
.,

i

RN
,

&

i
3’
.

WY

' ’ - b ’ o - = ® ) T ~ LN ' ":'
b Ce . o K
L3 v t »
1 6 « M - . R ; 5 ‘, .
N W aﬁ: , . S - ' .
- :gé‘ . ‘e - R = L . - ' : £ - 3 ) 3
- e - . . 3 v . S .
F . 20 W ch of the followmgms true for each pgir of numbers. R N
_— , - s . @ ! N 7:_‘;_1_
(»AJ The frrat member of the pa1r 1s\\gre§‘ter than t:he sacond . _""_ s
3 oe .

s (9)/ The second member qf t';he péur is g:ueater than the f1rs€.. R

v . - {C) Bot&membefs afe the.same. $ - . ) RS D

£
T \ ,(D) We e’&nnot tell. whether one, is greater*tban or equal to the* o{,ber. 2 T

Exam le) <. D\ PR (3,2) .t :‘_, N
S <, ’p' A} E,£ SRR i -
o, oL.. A LB C.. D" (a) %-,-\,l) feel L et
g” * "‘ [ -, LI - P ‘..‘ . e _’ A .
. VAavB &, D (bj (—w, LO) T L
g . s.,:f% . , oo ) : S
' J ) L . N X \ A . £ . . .

1y B C’ =.D (d) (ﬂ’)?’) /w' . * // .. . ”;.g;. “ ’,41
: t o * S '

P .
; . R N . . .
. 1] ’ + R . . 0 S . », . , - ‘ .
- % . s . - 'y . ) . , .
[ - \J e Tee o, . - . . e 2
LT m Iy y T -
‘ £ S . Lo . ) : , .- .. &
i " < % ¢ : o ‘* - L] . ¢ . .8 ’ e
e e ¢ " -~ . s S * . . « N
oo i o . . . [P . . [ Y
‘ - g R , = ’ ’ * e Fan 4 o .
. 3 ' - . - . .
.

' 'Full Text hvvli‘i.v!llﬁ d
- ' E= 3 . .. . N . o ¥ .-




* i ' ) . 6 !
—~F M ) . W . _
. b R - 2 « " . 1 L,
, M . ' : - 4 . —
» [ 4 - o= '
o - \ .« ! o ’ 5o . we
. - ; <" l l 7
Iy t - ‘s - .,

S ‘ZL Th\ 'ft] A d otber numerals used_‘;n the sentenc-es shovm below a!"e,

es, 4 mxmbEr, but W@;
J don t. kifow whvch number correSponds to any partxc .

numga\} (The N

‘.signs >',’ A<t etc., have their usual Earth meanurgs )

from the planet Glox. We know that each nurneral n

o

e

. . - .

' Sircle T for"Tru’é', ‘F' for ‘False”; or ' '5;'{ ‘Don't khow‘ or ' - "2
R ‘Can t tell’ for each of the followxng sentences, - o o

' Fo? (a) If ¢ [i] >¢~ i ;rue, CB %,ﬁ 1s° LY AR

S T 1? 2 (b) 1 dn< Vs true, P2y o -
F 2  {c) H‘—ﬁéa"'\ie Fru’e,, 5<7 }S“B' .
¥

——e
»

t? (d) H\‘ﬁﬂﬁ& ' i:s.t:pe, -'{7" é} is s

4=l . E]
o '
‘ . s - . - - ’ .
R . . . . ) N
) . # . .
Y i 7 s : . .
. % 4 - ’ ‘ A .
. [ O S P - - — - ’
i ! g . - . ‘
- . X
. P / ' T
- X : - R
. \ s - ’ -. 40‘ & . ‘~
, .~ s/ ’ ’ s '
- .
- gt ¢ i ° v, - <. L. 5 ’
© + 22, .The,absolute value oF *2 is written | 2] and the absolute value’of 2 is
. * . " ] . [ . B - . -
. wniiten |- Zl R L o Lo - .
¢ ¢ '"é . v, " M -~

S A o |z]=2and ]J_J_z ) : E R

y * ‘ [ . R ] . . = . .,
Fill in the blanks as the sample shbws Co, Lo e .
A R
Y I (Sample) g !3' + l,?l .3 +7 s - '.\ - L
T oW . D poTed
7> '(a> lsl+[*12|_ ® . - LA
’ > . 1!5 2{' v ! " L. ’ ‘. '- “’ . . . ..'. L : R
.i. ‘ { “ (b) ] sl l lzl ’ "-: - . - — -“ :A . * ;. ) -,J“, .' . .
AP lzlxiat ' S "
3 - . ® P . - . . . .

(d>llsl Ist N e

®
L 172 T s oot = ' :
- . ’ . . = »
. R . . R . L - - ¢ . Y L
. .. = =, ‘ ' LI * .
; T N . B S
' d , , b ~ 3 a N .
. L3 ' v K LA
’ - -~ N s P ¥
I L . “ '; N ) ' e )
_ » - -
= : . i
‘ . ] . 1] , P '
. S »
N » 1.3 + . . ‘ 'Y,
. ! v} - ., . S SA LT I . "
) , ) i . T e . o LA Y LI ?
v N res L ) @ - . . 5 -
o . ] .
-.ERIC 3 . L A
. . . N ’ . -
oo R B e | % L . -t .
5 - M d /tu‘ ! > ' - -7 or,



ST L E
~
.
¢
1
L 4
.
.
i
P N

Al .
* 3
v
) .
-
. '
-
* »
¢
)
- .

233’ ]’.n t'he,space at the r1ght ofeach lme, list the‘ two numbers which would
correctly.completa. the statement gwen 4 e S R
“~ > " '9

,

~

PR . N |9l T
Lt (c) Al -51 = 10 v
@ -5 = 10. R

’

24, In each of the followmg sent’ences cirtlethe letter of +he expressmn #hxch -

» ismost apprOpnate fof fxllin& the blank’ i’.fihe answexn cannot be dete rm1ned

or is not amorig the ,other choices given, circle D.

V ~ h 4 v -
» ) - . . v
(D) ch.nnottell' ‘ eI T
A B C D %) The sum dLa negatwe number and a noaposztwe\ hh
LA
. number is Do IR . L
. " \‘ - ——ﬁ— - - . .' h ) — ﬂ‘. ’OA
~A: B C D ‘(b q‘he sum’,of"a negat’we r'umbe; and a posxtwe , '
- t ‘. e . . L 3 ' \ .
" e, ,. = number 1’8 t e R e . :
v " . . s >4 oy o P 6 _— .
‘A B.C .D (c)\YI‘he' sum of .0 and a honpos:.twe nurr\ber is - . St
] y % . P ) . ) e . ‘~
A B C . (d) Suppose bhat two numbers are adcfed togéther, and a
' : . - 5 third number is added to the:.r sum If the reault is
. $ -~ »
R L. : ‘ ’82 at least One of the three numbers ig - W i)
Ky W s S G
’ . R . 1 4 " » , " . » . $
' » v . . . , ) *a
’ . ' ’ 67 ' TS "y ) _—
. - L PR * 4 ' . %;: * ) o,
oy SRS . K
. ., ’ 1)
' * . ‘ ’ ‘ Y. ) 4 . . . .
" - . 3 Te : . ‘ ’\
7 . " - - ’.. . ¢ ' . . v

(Sample) 7+.| b =10 ' .";93,':;7 )

. $ (a) [9lx| |=36 o

E (4) a_poéiﬁ{re-nfa;asz]; et e ' - T
(B) a-negative numbey R S
. (C) O . ‘ - ( ' K oo, i r_’\._. ’ -



., h A
&
¥ s ’ - - .
* ! . »
. M . * . . .
. '
- - . - - "
‘ ¢ . - . . i N .
» - . . .
- ’ ’ . ”~ « 14 -
e - ’ .
. D D o ' .- . '
L] * . 13 ~ . .
. . c s ~ . ¢,

2 \ M . . > Y .

_ N . v . . <
o \ . B ‘ﬂ . ‘
. - , . - - . .
. — . Py e IS
1 -t

" - 25. Circle*T for ‘True’, ‘F" for 'False!, or'?. for 'Don't know' or :

o N v

. ’ I 3 . SN\ °t . .
v ¢ 'Can’ttell’ for each of the following questions. . .

. .. Suppose that . - . i . . i

~t

. v .
.

o 1 .
- ' = - 4 * 8 '2'(+4+-8)"

L]

1
+
o

]

i ' . ST : - ¢ o . _.!-_- "¢ ) 2 R ' 0‘ (..~_.
M Chxfzeglsaia = Fm o o

v 2t and’ T3 T 3}2-('3 +i“'7) = 75, R , g
,‘ ' ' 4 ‘_ p - . . ‘ R N ' t N e
. Is it a}lso true.that: . \ . e W L
.- . . =N . - . R L PR
. T F 7 (a) 6%‘2=°2%6 3 : .

I ) s \ - N . s
T -;\l' .- T F - "?_ (b)" .(’1'-*"4) x 42 = -.’1 '*-‘(f4 * *2) . . o . o7 =
. . 9 ’ + 0 ."_ .& { - Q.,. - - /‘_ ' o , . " * - -+ i

- T F ) g% 0 =%, | e T, { ) * 3
" T AF 2 (d) 4a*I4=0 - . - Coo ,
L ' b

' > v
. 4 ® N
PR . . . . . .
M ’ ¢ . N . .
'
TR .. . u . . .
" S . . .
. \ . < .
h .
o« ® .
.o . . .
\,: : ., . & . . . .
! . I 1 ’ ;. -
o ‘ Y *® . x ' -
.
o .. I /
] [ )
. ) . N ' .
» . @ - fa *
' A . .
.. )
“» .
. - ' . ' ’” . °
. ' o o , .
s s . R A )
. ' . .
. . B ) ‘ \
L] - ~ R £ ), .
o E - 2
- . . ] A
¥ 3
e h ' \\ . ‘\ > &
. , i
S . - .
v e L + .
: . v . 3 - , .
[ —
) ~ N . P ot
. . .
o -

R f '
. \ -
. . . ) y Il . =¥
' . . v ~
1 4
ot l . . M- « .
. + - -
. : . by . . ' L.
‘ . L ] . * . - = .
L2 ‘ * ‘ ot D
. . . . - . ) .
. . . = R
LIS . . v . . N - . - ’
4 - .
R o NN - . ¢ . . - -y .
] * L s
= A i “ -+ ' L " . N
. ’ .- : i *
‘ ’ s . . e
- . . € 1 . . - ' N =
$ - N
- [y
4 [ . ‘ l
% M . v . ! . ¥ . 4 ' . -
. . ~ . '\ . . LY = * . . .
A\ 4 \\l [Ny s i 9 . .
! ~ f ¢ - o . "
l'-‘ ¥
. ~
. e , L7559, e e
¢ , ’ = ’ N “
s 2 ' . ! i ! iy ey,
o ) " . v - b N . * '
. R - . > .
. R R . .. 3. . .

P : R v, v -
k = U N A s e » . Y

. e - ¢ » N . ' . . ~ .




* . - M - v
s Y o > "' ' "1\' . ' / ’ .'}.",—a.
.t 4 N ~e T o 7
. - . ' . . . . ’ -
“. .
) ‘ 4 S ,
. . .
.S ; ? C -
| , o ) .
K ' . - ' . . ’
. . .
r . N\ .
, . ’ . ’ ~ EEN
. Y * . ! ‘o,
1, t
’ t\ ¢ - . R b ~ ’ Y Ay f‘
. . . R
B . — //' L] . - » 4 I .~ . ‘
e et N ] . )
. R . . P
] . M '_ T - M . . .
a_* ' . e . . 4
Lo . $ . . e
e :..) - ., no® . N ~
. . s - - - ' .
- . APPENDIX D ,
. ‘. ..'2 N i : . » + -
) ’ ‘ . v ° .
. . - . . s
¢ -7 . P TEST II - S .
~ ) * ‘ - [ b

’ N ’ M . : .' " ) o
av . . -3 s | .

—_— ’ {Add 23 to each ften) number to Lot ate . orrespondmg -

.
.

. tem data 1n fhe preceding tables. ),

. » . . E3
N . - \ e - ) -
. s ] ’ f ~
14 . * . .
. ’ ‘ ‘ - < 4 - -
: o, ‘
. .
s, % .
- . L} N
. - h R “ S ~

- ., “ s
.
3 . .o s . -
£ ¢ . N .
§ o .
o L PR -
1’{ t : .’ '
;
P 3
C R : . .
4 ., . . . .
7 .
- - . . J . 3 B . i B &
- 1 e M
. ‘ " F g
. ¢ v & .
- ' » 4 .
. o . C &
N . . 4 ’ .
- e ot R .
,,- - »
€ PR ‘
bl " : A N
~- . - f .
. ” = N .
.
- . . - ~ - L3 -
. .
N . .
- " * .
- 4 -
_ . 7
7 - ~ * N : - o
N . ‘ . . 3
- . ’
v - , . * [ . a1
- . ..
, . . CY . ‘ - .
. * ”’. . * , T
. - *. . & . * .' *
” - e %er .
" & . ')‘ BN , . .
LS \’1 Iy ’ : 3 <
~
r " . . : ¢ - -
. - - — —s } - Ty - N -
H v - . -
. -
. L] s . . 1 ) . 1o
[l B v, -
* -
. B \ Iy
. ‘ " I ' < :
b Yo . = T i
- i 4 e ’
. . L. w
- ' 4
v . ~ . ]
’ . . 7 -
L. v L I ! 5
- ‘ a -
1 . , B , . e

, ERIC

s

$4°
) )
;!
11
»
‘.,
R
. .
-
.

.
L4
N is
Kl
. PR
PN
Al
- v
.
)
. -
' -
« -
. . # "
.
[
- ,}
. e
" .
4 .
.. P
. -
.
.l . LIRS

L3
. .
N -
. .
? .
’ ° -
e N,
. ' .
v PR * *
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EMC

§

}‘ . R 4 . \ . - X ¢ N . .o
. LA . ‘. . .. . s .
* IS + - ‘ - . — ." } < ’:
e - ” - ‘ S ’ - /. P 4
- -, e, N N N ‘e e T" R
s - . (‘ : i ) . - 1: L
. e, . e E . AR
. . - . e LT P YA
ot T L - e _'} .
%
1. For each of the’ followmg open sententes, put a "'3‘ in each D an ? "Z' L
- in each O : N S ‘ NI
- s . Q' . . ﬁ . ’-
If the resultmg s;entence dis true, c1rcle T, s : o - 07.- .
y . ¢ N < it .
. If, the resultmg f.entence is false, c1rclé Bl o R
PO R ) o
! . ],'; the resultmg §entence is neither true nor._false, _circle*N', S8 ’
. _ R I o
, (Example) @F N [ ] xO'= 2E 76
). . - H
< T F N (a).('zk ) = *2 =t . , N
<., ¢ =, . , . . . )
v A - W——— e ey - l i
S + ) + + = ' - - - .'. "
#~, . TF N ) [T+ S (3%l ) -t9 - . S
i N . ‘ L} . -
- . P . - ' R
N k § . » £ * -« o » : -0
. . \ . e ™ ey | ., '} . N
CUTEN oy (O P=0O) o : ST
- " * ’ ‘ :".- ” Y i - - _; (’:?- é”‘;'ff
AT RN (@ faxe2s[ D= (O P R
s z N . ¥ A oo
- v . . - . w7 '&‘ ~;$’ %’
= . - , . s , . . ] lb‘
R S ) . :{- L. ‘ . - . s . < - ‘: . 1'; L} ’ . i o .
“ f‘ < . ¢, 9 . V, . , ‘;3
~ .7 Here is _gn- example ofR .table of values fo.r the. .expressi’on A U ’Zt' T
"’ - : . == F 4 . + . - ' N lﬁ
\ « . o - o . a :. 'ﬁ .
. 7.
] . . . v
T e .
t o
’
“ .
4 o ¥
i) R J . -
r,
, !
. )
..‘ o AT
' «* .



* N ' ’ = o -
=1 P . »
. - - - ¥, )
+ ! N . o ¢ P
\\ i A \ . . >

4, (‘fom}iletelfeaeh sentence to '}r:aye it true,” writing the simplest expression,

 you can in the, blank',. .- _ - T ) . 3
."' S ";J@ . _*’:-‘ — . . -, . i
- . . ] .
, . v e +,_
e e (Example ®or each x,, the sum- of (x.+ '1) and ((*3x"+ *4) is 25, .
y . v ' IR o
'(a) For eé%h x,, the product of *5 by “3x is e :
“ . (b) Far each rx,, the difference of *7 from (X + *7) is LT i
. ti 1 -‘ - . . * ’v . r
(c) For.each x, for each y, (*3x + %2y) exceeds (*5x - *6y) by . e
. ‘ ‘ ) ’ ‘

F

. ..
5 . . ’

(d) For éac‘h X, 'fqr each vy, for each z # 0, the qﬁofieht of (*3xz - *3y2z)

$ + i . N . . .
' by '%z o N o T -« - - b
) ’ . -« Y T
' . - . . .. -
1 - . , Y . - . 4
it t 4 ‘% . ) ‘o
’ ; * 5 ' N o -
D, Complete each qentence to. make it true, w;rxt‘ing the 81mplest expressmn
- you can L}‘1 the blank. T o . - .
N o= ’;’ . ' . ‘ k 0
* N . o . . . i
; 4
', (Example) For each whole nu.n'ﬂ)er x'of arxthmebi}c, if one penc;l - ’
. : N
S 2 X costsi 2 cents, x penciis cost +-ZK LY cents,
-‘ . { ' . ) - . ) - ' ‘. . N ’
(a) Fo:c e'ach whole numbérg of arithmetic, if one pencil costs '3 cents,
. - P ° 4 - -~
x + ‘,3.5) penc1l~s cost _ - ) cents., o
. g2 - o T N

.
. . -
3

(b) For eéch nuprer % of arlthmetxc, 1£ +35‘&;1'rielons’ax"e~ fo be distributed
equallty among "5

ersons, then each person should receive

z, N h @’e

©
&

. melons, .

LIRY . B ey

- {c)} For each 'nonzero number x of arxthmetxc, a‘car traveling ata steady

rate af *3x m11es an hour WY1l travel . +150 “miles in ‘hours,
1 1 . 7 L} .

) . = F
i ' . < = - =

5 {d) ’ or each numbez x of’ arithmetic, if there are *75 sheets of’ paper in

a p11e ty mc?h thxck then there are . " sheets of pape; in a

pile *2x- inches th1ck. . . ‘“ T . 2




-

N ® - ‘l ¢ LY _ . ! ’
’ . T . ' * * N ’ ./ . = . h’ ‘g
- . * - & . N
w - . ) o ’ . i K i . 4
= - . - = NN . ’
nr » , . 't - . . L, -
’ 6.§Sih1plify edch of the followihg expressions;
- - . . 4 ) - . 4.' ‘
. (Example) _ "2b+"3b = T4 .ot i
e . ¢ ‘ L o N N ‘ .
(a] *5t+78 - “2t+4 '8 = e T
g A ° ; ) ‘A‘;( - 5:%‘
(b) ¢sp + (+2 - +7p) = ‘ . " é.-- b
< (e) *2(*7 - *3K) + *2k = ’ o con
. . ! \\' /- (] N
(d) ("3 -72j) -"a("2 -j) = __ : . D
N . L . '
e - .
- 3 A .

7, . Circle the letter of the expression w};ich,b if written in the blank, would give—'

"A) yy™1 (B) yy Fyd 'l fCLyy = 2y -1 (D) yy - 2y 4017
‘ ,

{d) For-each x, for each y, (x = "2y + *3) = : Y

(Afyxy -"6  (B) xy - "2y +"3x - '6  (C) xty+ 1 (D) "3x - "2y,

( . 'ﬁ, " - .

. Y . -

- . -
. « ie e .
M LT . =
- LK) . F ' .
i _ O\
-

]

}

1 »of

v
f L A %

.\’u L . "
M

Q H
IC \ ~ - : L -
- . 7 - - . - N ~ — -
K = . . : N
a c .o . P B b : N : : re ' .
. . . 1]

you a true sentence. . ] - N ’ .
(Example) For each y; y + 2y =’ ) .
- (A, y "2y . (B) "2vy-y [AC) *3y JD) yoyey o
. \ ‘ — . .
. .o - - . Co. - .
(2a) Foreach x, for each y, "4x-'2y = - .o u"-‘
" (A) *exy (B)78xy  (C) ‘Zy r*4x (D) '8+ xy - 4 .0
= : .1 . N ——
- . - :
(b) For each x, ("3x % 7) - (*3x - *7) = ° Cs T .
N {A), *6x '(B) "bx+ ‘14 -(C) Ome (D) 'l4 P 4
{c) For edch _)’(y - Iy - *1) = ’ : . - N



N

. o . \ . .
Slmphfy ea’iﬁ of the followxng,,expressmnS' A . v /

+ . ’ .ﬁ'l ‘jf/ I s - - . , - .
: ‘ L TR R . . . .
3 (Example), (Hrrz _TE) < -
\7:' - - 1 . {h.‘ . . . 4./
. , Co . . LT
5. - -, e [ @ . .
> 1 '

(a). ") =75

) o . T e
. “ . ’ : - ‘ . . 1 s
. : (b) ‘03-oqg= . el . o .
) « T 4 '. {,‘.@‘ . - ! ‘\'\,¢ \‘\; . i T . .;1
c T (e) ti2 CLoteet2 . v S - ‘
5 < . +3 ¢ -4 °'-6 .t *9~' ’4 R . ’ ) ¢
e 0 v - . e
. ey §:-°3.72 . o R . - -
(e)»»w = .
- R e » -4
' I TRF) . )
. ) . -
i, . 8 WY * * p "
, P. .7 {}n ) . ), n’ » »
N / 1 ‘9- - 5}l -2
9. Su’nibhf,y each of the followmg expresszons‘ - : ! & ” 3 )
) -~ . 3 \*\\ T .
. . - . - . . +l ) + . " . -
.~ (Example) 10z~ — = /o provided z # Q\ | .
5 ® PR - . ' ~ ‘ . - .
N ‘ y e
~ (a) m 8x(a + b) prov1ded ‘at+b # * )
- ~ . ” b"-" N "
Ag‘ ) . k
(b) M .ov1ded z aé 0 . RS
- (C) 9y +;z3)( - +3zu)(y}+ J 50 provided y+z #0 .. ' R
> [ y . ’ , . ‘ ,‘ P -
glg * AT S - _ . .
T - ::‘l"‘:'g+ zl s RS e . s
’ . -4 b = ¢ hd . L . . M y 7y Y
‘ . (g .‘;r 3; = . provided r #°0 . o 1 o
- 4 . .. " . - . M
. , * - : . <, . ”n ‘
K » ‘ ;§ ) * * 7 " ed '”ﬂ 5—"/_-)%"-.’. N .
. . R . . , . -

., o~
. .
' 143 . ) . .
\.’i . . . * -~
- L 3% . - P w 5 -
. v »
‘ Wt e , . N
1 R 5 ¢ y . P ~
) » . s 3 ! o
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/Each of ghe statemc.nts below is a consequenc,e of -one of the followm.g ’ . .

principles for real numbers. ,Circle the letter correspondmg to the

e pr1nc1p1e of wluch the gtatement is aconsequence i
“ . . L, o

(A) Commutative principlé for addition ~
, (B) ‘Commutative principle for multiplicatibn’
C) Associative principle for addition . 2t < .
S ‘ . D) Associative. principle for multiplication AR .
. (E) Distributive pr1nc1p1e for multiplication over addition ’

. 0 . .

(Ex_ample)$ L./}) B C D E For each x, x+ '3 = '3 +x
-

v - . N

A B C D F (a)_ For each x, (*?;x)(x + 15) = (x + *5)(*3x)

A B C D E (b) For each y,'*7+¥y+*3)+ 5 = (y+*3)+*7+ 5"\
"A B°"C D E (c) P“or eac'h X, ( 2x + 1)("3x + °7)
- ' ' S )3k + T 4 (C1N"3x 4 *T)
: R ~ * 2 3 V4
A B.C D E . (d) For eac}‘l v, (y+*4)y + 3)y + 1)

= (y + "Oly + 3Ny +71)]

’ . P -

. 4 L d . - -~
11. Each of the statements below is a consequence of one of the following )
principles for real numbers. Circle the letfer corresponding to the
principle of wh1ch the statement 1s a-consequence. ‘

1 (A) Pr1nc1p1e for adding 0 .
(B) Principle for multipl¥ing by 0 .. v a
. (C) Principle for multiplying by * ; s R
(D) Principle of opposites, or I.ntroductlon principle for oppomtmg ‘
(E) Principle of quotients, or Introduction pr1nc1p1e for division

(F) Principle for subtraction, or Definition principle for subtractlon

i

(Example) «+ A B (C\) D E F | ’13-*2""1/: '133"2, ?
. A B'C D.E F (a) ((3+0)+°7 = "3+"7 , X .
. .". ' . ' // -
| A B C D B.F (b) 578+ -'578 =0 ' °

[ v

A B C D E,F T{c) "1+72 = [(*7+'2)—1'3]"'3,
F o * (d) ((19+4*7)-"15 = (19 + *7) + =*15

. . . ' .




' {
Here is a test pattern for a generahzanon. ,In each of the first five steps

._ one of the/ﬁ)llowmg pr1nc1p1es for real n‘umbers 1§ used, The first is given

\

as an exan:(ple " Circle the correct letter to'indicate the pr1nc1ple used in

the next fou;r steps.
&-
(A) COmmutanve principle for additien
(B) Commutative principle for multiplicatigon
-(C) .Associative principle for addition
(D) Associative pr1nc1p1q for multiplication -
(E) Distributive prmc1p1,\e for mult1p11cat1on over addition

PR
-

. s
’

L 4 “ ' '
yer2 4 (%54 *3y) + 78 '
: J---®) B
ye*r2 + (*3y +7*5)+ 78 " .

}--- A ‘B

‘D --- (Example]

= (y-t2+ AL N 5+ 78

= (*2y + *3y) +.75+ "8 -
T }s-- A B
= (*2 + 3)y,+ *5+ 78 .
R ° \ . }__,\_ A B\\
= +5 + * + -8 H
% -y , )

>

C
C
}oemr A B O
o
C

= "5y 4+ "3 .

oy
- : ) . ._ [4 N -
13.4}' Below is a proof of the theo’/rem:
L)

. For each: x, y, and z, if z+x'=.2 +'y ,then x = vy,

{ e >
F111 in the blanks to complete the proof, using one of the follow1ng in each

-

[
[ . -

. . ' ‘ / ‘» L
e ! ’ y * ) ‘/'. X, Y, z, —X, "'y, _Z’\'O" )

‘ -

[Proof - - T
[ g ] (Example) .
Suppose that /z + x [Given statement] *
. . j e .

Then, -z + x + -z

cx¥z+ -2 F [Commutanve principle, for
: - addition)
x.+ {z +,~2) z + [Assoc1at1ve _pr1nc1ple for
i o ;o add1€1on]
[Pr1nc1ple of opp051tes, or
Lntroductmn pr1nc1p1e for
4 opposltmg]
[Pr1nc1p1e for addfng 0]

Hence, if z+x




. s,
, . ” . N
’ .
- . ’ N I's , > :
- . .
A y /
- . 1] * a /
4 ¢ . r .
Y . ‘
A .
" 8
13 L 4
~ D . e |
N !
- . A ‘
[ . . [ -
- . . . i i v
I

14, Here are four 1ncomp1ete lists of some of the ordered pa1rs of numbers

y .wlnch, belong to certain common operat1ons Complete the lists by 1nsert1ng

2

jche appropriate numerals.,’

L e e : - ' g
’ . ¢
- (Example)  (*2,%4), (*5,*7), (*11,13), (*10, 72)
) ‘ ¢ N . . . - ~ . ,: R o .
" ©qa) (*2,%4), (°3,%6), ("18,%36), ("21,%42), (*10, ) . R
. ‘ » i s !
®) (°8,%8); (*7,4), ('3,76), (0,73), 3, | ¥ | S
. () (*12,74), (*15,5), (0,0), ("21,77), (__,*6) * °
’ : . . o -y .
(@ (‘2,%4), ("4, *6), (*5,°25), (*10,°1d0), ('3, =) . .
. " - -.d ,’_' . - } * - _
. : F' RN ‘ ' , ' : ’
2 " : .
- : ’ ‘ : . ’ ’ , A
.! v vE ’ tl . ° ., " . . .
X 15, C1rcle the letter for the ordered pair of numbers wh1ch completes the v
L1 sentence to make it true.. o - ' ) ‘
M ] - M . . N f , ,
v ‘(Exathple) . A B (C) D Addition of 2 contains . : -
P R . (A) (3,6) (B) (5,37 / ?
‘ T N ) (3% > '
P : ) ) . e
. A B C D (2 2? Mult1pl1cat1on by 2 contains- LY
; % . (A) (8,10) (B) (30,15% (C) (O, 0)% (D% (5,3)
k- Lt »
. e ! ‘ !
- '\‘ ' - .. v )
N A B C D (b} Division'by .5 contains .. L
. v, : .7(A) (8,5.6) (B) (10,5) (G) (12,2.2) (D) 0,5)
’ ) ." 24 ] ~ .,_ B -:_ th o N . » - "l
' : A B C D (c) The inverse of addition of ,6 contains . ‘ '
v (A) (6,1) (BY (7,13) (C) (50,46) (D) (70, 64)
. - “\ B ' - . “ . ) . -
A'B Cc D (d). ‘“The in-ver_se of mqlt‘iplication by 7 contains , . !

, ‘ 3. (A) (14,21) (B) (0,0) {C) (7,0) (D) (5,35)

‘e . -
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16, P‘ﬁ}é of redl numbers whose sum is 0 are called opposites, dnd each is’
, the é’ppésite of the other. Circlt}e hest answer, .
(a) Whazt is the opposite of 07 DS I none of thesé
. . (b) What is the opposite of 17 0 1 1 7 none of these’
v LY . ) \’ . . . ] . . N
s - (c) What'is the opposite of '0.257? *4 '0.25. ~0.25 * none of these
® » e N v .
. - . : T « .
- {(d) What is"t‘hq opposite ‘of '(%)? +(—%) t(%) (%) _ .rione of these
4 . - )
. -
\ L1 R
' . i o .
. L} . . . . v
J ’ <
} . '
- " . - ~ . ' ’ . . !
. '1'7. Pairs of'zre;L:L‘J}umbers whose€ Froducf.is *1 a‘éca.llé'd recij r‘o'c‘a.ls, and each
is the reciprocal of the other..”Circle %he.bes;\ an‘swe‘r.:_ : . .
F] § .8 . - . -
. L. ' ' ) o . 4 © ) L , N
.- (a)  What is the recipzocal of /}? 0 1l "1 none of these
- . * ¢ . * . .
(b) What'is the reciprocal of 17" o T v 1+ none of these
£ : . . D . \
() Whatis th reciprocal'of *0.257 *4 *0.25 0,25: none.of thesg
. . ) . . h - . 2 . . 2 r' \ ’.3 " )
: (d) What i the.reciprocal of '(-3-)? +('_,;') 3. jf%) ,none of these
A, 7 ' Lo ) s .
- ] x
v . o‘ \. E
: L o r
¥ ‘
)] . . ' ’
A & ,
. LN . L | ! S ’
L R S
-, . . +
o ( _ ‘ S .
1 " * . . ’ =
. : 4 ' . .
‘ . . : 1
- * l fj\) * ', v s




Y] ‘ R .
18, On each line, c1rc1e the letter of the word which would make a true state-

ment if put in the blank. If the co rrect wortd is not in the listy c1rc1e. (D)

' " (A) inverse . O * ‘ ‘ ,
. (B) opposite - . 1. ‘ ' ) - -
(C) - reciproé¢al ) . K ‘
(D) none of these | + . . .
’ ; A ! 4 + d . . » : N ) 4
‘A B C D ,(a) Tisthe - o 7 ) | S .
A BCOD (b) 0.5 is the’  * of 2. " \ ,
: v ~ ) ,
LI ‘\Lﬂ' - +1 . 1) -0‘“ ] - . i \s
/A B C D () 7 is the of "3, , . I
i . Y o, K . * - N
R - 4 a : - .
A B 'C,D (d) Subtraction of *4 is the . of addition of *4.
. . LS , L}
» N
A ) §’ : ‘ . ' . PEE
A S
. . Y . T
19.§‘ On each line, c1rc1e the letter of the number which wou],d ma.ke a true state'- .
‘o, ment if a-numeral for it.were put in the blank, Ift’ & ,correct number is not
in the list, circle ‘(D). " 3 \ f
‘ . (A) +1 . . . »;E: ) . ) ) . ‘ .
! o (B) 0 ; . . ’
(c) - , ; SR .
. . (D) none of these : . A t :
A B C D ,(a) The res;ult of d1v1d1ng any number by O is’ S
3 . ; ' ¥y K o '. . . %
g A'B C D ‘ (b) The .r?éuzt of muﬁplymg any number by " Mis the
N . , ' C oppogyt f thy,pumber . . <
A.B C D (c)* The reciprocal of is 0, ' .
i '. L, ) R Y ' I \ ’ ! - 4'}
A B C D . (d) The opposite of the’ reciprocal of / is “1.. 4 .
. / . ) [ . ‘ \‘ o :
"j g - 7 o . !
+ -‘1 " i . .
A * v , '_l “)() l , X ‘t
d ": - ! ' 4 y -




~ { / ) . . . ) -
- . ’ , ) ) ‘ . -
. - . N - .
. - ‘n . . - ) . N N
. . . ' » Y . 4 . .-
D . [_— . - L] ' _‘j a R . 1‘1 . i
N . - . ° \ ) R s, ' L
- + ': 5 , . ’ ' .
. . Al . T ~ . . o .
20.. Ci¥cle one correct answer for each question, ' - .
’ ‘ . N . . L v Y
* < \ = ’ ' ) = v 7 * 4
LY - ¥ N 4

s'(a.) How mé.ny real numbers s/atisfy the sentence ‘a + *5 = 2'? ., o,

(A) none (B] only 1 {C) only 2 (D) all oy -

p A . AN . o . . .. .
. Y\ . ‘ _ ) ) . .
W " . (b} How many real numbens satisfy th@ sen‘\tence ‘aa = 0°2 ’ . s * N ;
’ N i T g . . A ‘ ¢ Cot
/" ‘ (A) none (B)" only, 1 {C) only 2 (D) all
' . v . \ ) 2 N y M “
. . - ‘1 - . . . f , ' i .
. (c) How man\y real numbers sa.tlsfy the se’ntence ‘bb = "1'? : )
toa : (A) npne ' (33) only 1 , (C) only 2 (D) a.11
A . [ B . C - * ! ! .
\ .
. (d) How many\real numbers satisfy the sentence™(p - 3)(p +2)= 07
' \ .
s (A) none \\ {B) only 1 (C) only 2 (D) all .
. ‘. . \ . - < MY LI
. '3\\ v ., .
., \ > ' .
- \‘. * I
\ . ,
' .‘3 4, . N
21, . For each df the following sentences, circle ‘T for ‘True', 'F' for ‘False',’
. ,and '?'.for,"Can't tell', ~ . : oo
' - ’ . v ) -
T/. F 2 (a) Sd\rhe open sentences are true. . : . pe ¥ -
. ; ) . . . - ) .. . . .
\ ' . '\ . . ' . * )
<y F ? " (B) A f\\alse senténce is not a statement, ’ C
y . o . \
. ’344‘ . \ r . . . 1 , s,
' T F L ? (e) The\two.,expre5510na ‘"5a + "22’ and ‘*3a’ are equivalent * ¥ - _
. ' " .+ ' ! expressions. . i e L e L ‘2
T T “T $ . ) ) ' ~, e
T F* 72 (d) A counggr example to a umversal generahzatxon shows I
: ST ‘ that the e.nerah tion is £a18e° g ' .
- ‘ 3 . » g éa ! L4 - 7 )
LIRS ‘ . ~ - . . g“ ‘ . R . . " : . s ’ .
» . . ‘ ‘: * t ’v. - :\ ' % :
. < ‘o \ ; o’ -.\ LY ‘ - Va
e ' N ¢ d ¢ . - Wl
\ , . . v Lo / ‘ \ v <
L I » . - . N ’ P
. . ) .
M ’, . t s < . N ' ~ he . )
: e dde T s .
- * * [ o (3 N )
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.22,, In order to write generahzatmns conc1sely, we use the symbol V‘ . Write

e,a.ch.o.f\the generalizations below using V" and other algebram symbols.

’

. f . v J ! :4 -', :

‘ (Sample) No matter what real number you ple, its product
* ~ . by 0 13 0 ‘ ” v B . ' ’
" — S .'Vx,x‘f’:’? L e

L Ny
§ 2 - fao

(a) Wﬁatevegreal number you chodse, if you sqbtract the number from 0,

", you _et the opposite of the number.

0 P o : ¥, . -
~ - -' N . . ‘
(b) For*ach real number, the result of addmg its product by *7 to its
1pfoduct by 3 is the same as its product 'by 4, . , %
e = , - N ’ _ &
1 3 8 . , g{ ‘." + . "
. (Sam"ple) No matter what nonzero ré'al number you pick, the
- 1 quot1ent of the num?er by itself 1s_ 1, -
s X o v Y .
v Vx:po ’ L .
e : ‘ : o Do LA S

(c) '?ick any real number different from “l. Add ‘1 to if. ‘Double the .
result and\ then divide by the sum of the number you pmked a.rid *1.
* s The final result is “2.. ' :

B

N

-

R .
- R . . \ . .o
’

(di .APi‘Qk an{r real number. x. Now pick a.second real number vy )';vhich is

* not the opposite of x, It will always turn out that / *
R X ..y _x-y S e
e . x+y x+ty X+y N
* & - E — 2 . ,
» y -
. [y ' . ¢t -
. , )
- i . .
) L] ’ - M » »




‘ ' . - r o, - i
. 7 s, "' L 3 . \-
- . .13 f
. > .. ' ’ ' .
t . ot . ’ . .
i ’ . ‘/ ' T “
. i - - A
23. The open sentence E]+ *2.= *4 becomes a true statement if we put-a .
3 » '?‘2.’ jin place of the * I |’ . In otl er words, it 1s true that there exists’a real
l -
number such that the sum of it and 1‘2 1s vyg, For 51mp11c1ty, we use the
4 ) v
gt symbhol * 2 to express the gentence above, and wr1te:’ Y,
) - . - ‘ :—" (x+*2) = *4. . ~
- © ' }
, Transla\:e each of the followmg senténces into a sentence which uses a =1
. . and other algebraic symbols ) o .
B o, ' t . "
' (a) There is a real number such that the product of that number by "7 .
3 l.rs +35' . ) . ' - ‘ < ] .—' .

)

(b) There exists a rc2l number whosé sum Wwith itself is 0’\

+

R ~ _ S .
. Furthermore, ‘we cdn use beth of the symbols * V' and * 3 to write a concise & (
statement of the generalization that, for each first real number, there ¢s a
second, real number such that the product oflthe first by itself is the second

"Here 1s such 2 conc1se statement

. > o ’ A '
o 5 o o .
Vx y X*°x = ¥y

.

+  Translate each of the following sentences into'a sentence which uses ‘.V";

=1 and'other algebr\aic symbols, ‘ )
y. / . : ” f . . -
" {c) For each f1rst real namber, there is a second real number sug¢h that

L + the sum of ~7 and the second is the first." .
. . ’
.‘ . RN . .,
. . - .
AN ’ ~ R ' . :
' (d) There exists‘a first real number such ‘that, for each second real )

‘e oow . ' . '

B number, the sum of *6 and the second is the first, .

’ * s ) . ) . . * # /'
S v .
’ , . .
« I . .
L - ¢ N P
Q r . - ‘ ’
 p— . ‘ ? R ‘ a
L4 ; \
. -~
- 1
19y -
- - 1 . N




statement if pht in the

tstaternents, c1rc{e (ﬁ,

24, On, each lme, c1rc’1e the letter of the ansfver wh1cl} wox{[ make a-trug .

blank. If answers: A, B ) and C would all make true

If ne1ther the A, B, or C answers w0u1d makes,

true statements, c1rcle ‘BT, . -, - . L 7N .
- % ¢ ’ >, .
(A) v [if.% is p'osit‘ive then - D= . "' D
- (B) Ve if x is negative~¢hen o o / o
(C) Vx if x # O" ' r;*
(D) All of these \o
. ( ) None of these »
L. 3 ‘g.
e _ N o
. S NP .. R
(Example) A B” C D) E » . {x+ *1) = x is positive.
- § . ‘ T ‘ T ‘
B C D & (a) f -x 1s negative, .

»“:

A
A B.C D E (b‘)“‘
A

‘ B C. D E "'(c) r X*-x is nonp sitive, .
.. v A B C Da? E' (d) s ’(x'ﬁc) = {x+ 1‘1\) is honnegative,
1 . ¢ .
) .-' a.-; iﬁ‘ * . . “ R . }:
25, On each line circle the getter of the atnswer'wh‘ic'li would\make the most
general true staternent\ QaéS1ble L S , N
(Example) A B \C p . x+y=y+x \ P ’
\ \ 4,
(A v 2 _\\(B)_ V,ez0% (Cr V¥ HO (D1, 20% 20
. o .
A‘ B C D (a) (x - yMx +vy) = xx-y‘ry/
) « . L ‘
- {A) VJV ‘ x#OVy (C) Vny¢0% . (D) Yx#OVy¢0‘
4 Te - .
-A B C D\B)\ —z{x + y) + —z(x - y) = -F2xz
. (A)' Ve Yy Vy & (B} V'V Vozo (9 Yuo¥ oV B Y uo% Vo
A B C:D '(c). Zyy=2ixy ) ¢
POy
(4) vayvz >,c,y.¢0Vz ( Vx #vavz (DX Vx ¢0viz #0
A B*C D (d seo=lzX | “
X vy Xy .
, - 1
B ) (A)- va . x-’ﬁOVy (C) V'xvy¢0 o <D)i YX;#OVy,#O

. - . ")

. /-. x*x is ﬁsiti\'&e.‘ \

2




~

A ) . - 9] =
Pl , * . r
. e s = - . . Ki .
, . ) v4 : =
» Y : / ~ \ . 4 .
R L 4
. oo .- ‘
. 26, 'for each sentence, find a rea.’l‘.p-pumbe/r which *‘satisfies’’ it.
L /. T . o !
B - M X . . -r
(Example) ~*8+m= ‘12 U .
(2) *3.5+a = *2.5 - . -
\ ) . L. ' A . .
(b) *5 = *6b - *7 - o
) - ’ - . , ) % r AS f , ? -
() - *2c +*5 = *15 ' -
Ctsad g ) RS :
N (d) 4 - 6 . ‘ ——-—————-———' - » ’ E 3
s ' 3 ‘ . : : '
. - ) (
. S . : ‘ ) -
£ v X »
LN s
. s k ¥ . 7
27. TFor each sentence, find all the real numbers which **satisfy'’ it.
there are nohe,. wr}té ‘none.. . N
' = oo o - ) [} }
, .. 3 e, -
: (Example)\oa. = *16 . 4} 4L
. T . . . } . ‘ .

~
7
N
.

(a)
"(b)
(c)

(d)

b(b-1*2)=0D ' . .
S \
crc+*4=0 ) —

d-d+*100=0 ™ .

28 -9 ) - : oo .
e 2 o . S e .
. . . .
. § ) '
* . ) M ’
. . -
> ,
. 2')1 .
{ ' ) -
i . .
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,Beiow is a i)noo%)f the theorem:.

. ‘ . .
Fill in the blanks. to complete the proof, using

%

1

A4 xO' = ,

X

. -

4

one of the following ineach’
* .

/

blank: PO / . '
N - , EEES
' x, xx, x0, 0, —{(xx) ’ :, ﬁj-
\ ] - - v . »
. * , \ e ’ }j
‘ (Pro‘of) . -‘ - - / - - »
. ) . [Principle for adding 0] . Vo e
.- . : .. ’ »
x+0 =.x , ' . L .
. : . 4
\ }---- - [Uniqueness principl?r matiplica.tién] ’ g ]
° ox{x+0) =" _~ : . S 7
} e [Corrrfnuta.ti've principle for m\'ﬁtiplication] 'A
M . . N ’
(x+0)x = xx L - - " .
= / o , . . [Distributive principle for multiplication ]
. over addition] ' — &
. xx + Ox = xx ' e s
oo . ) . _
oL ! N EEETI — ,[Cominutative principle for multiplication]’
cxx + x0 = xx 4 » 4 ’ C
« ) .(5‘-- - -~ -\ [Principle for adding 0] )
T xx+ x0 = xx,:i: ' ~ ‘ B
o ' ' ‘ ) '):.'. niquen'e Ss principlg‘for addition]
J . . Y :
xx + x0 + = xx + 0 + —'(xx)‘) /
‘ . ) }-«» [C mmutative principle for addition] T
. . ! .
x0+xx+-—(xx$=0+\xx+—-(xx) 4 .
B o . o -+--[As$ociative principle for addition]
- B '
%0+ [rox + —(xx)] = 0+ [xx + =(xx)] 57! " : \
J .... [Principle of opposites or, .
- (,_ .~ “Introfuction Principle for oppositing]
x0 + = 0% 0 .. , e\, - . . .
. . -, ‘ ¢ Y ﬁ_ v
' . - j -+ -+, =----[Pringiple for adding ¥}
= -~ M >~ . B
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Derive the followmg generahzatmm)ja; &
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(x +f.y~) + z
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in your der1vat1on use- only the prmmples listed below:
’ [ 4

X
Commntanve principle for additioh [CPAL - -

*

Commutative principle for multlphcatwﬁ [CPM]F\ ’”

Associative principle for addxtmn [APA}

- Associative principle for rnult1phcat1on [APM]
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D1str1but1v-e prmmple for mu1t1pi1cat1o.n over add1t1on [DPMA]
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